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I .  INTRODUCTION 


By  the  year  2000,  an  increasingly  large  portion  of  our 
national  defense  will  depend  on  space-based  systems.  Extra¬ 
polation  of  present  trends  indicates  that  prime-power  sources 
operating  at  megawatt  levels  and  beyond  will  be  needed. 

These  power  levels  must  be  achieved  at  significantly  higher 
values  of  specific  power  (w/kg)  and  energy  (w-hr/kg)  than  are 
presently  available  in  order  to  satisfy  defense  needs  for 
maneuverability  and  survivability.  While  steady  progress 
has  been  made  and  new  concepts  have  provided  the  potential 
for  further  improvements,  substantial  gains  over  the  next 
two  decades  will  probably  require  investment  in  basic 
research  examining  fundamental  processes  and  phenomena  in 
power  conversion,  material  behavior,  surface  interactions, 
etc.  As  part  of  a  broader  set  of  new  research  initiatives 
in  support  of  space  systems,  the  Air  Force  Office  of  Scien¬ 
tific  Research  is  sponsoring  basic  research  that  may  be 
applicable  to  the  development  of  megawatt-level  space  prime- 
power  systems.  (The  emphasis  of  this  particular  new  initia¬ 
tive  is  prime- power  versus  pulsed  power  including  power 
conditioning,  such  as  flywheel  or  inductive  storage,  for 
which  there  are  existing  programs . ) 

To  assist  AFOSR,  R  &  D  Associates  organized  a  special 
conference  on  prime-power  for  high-energy  space  systems, 
compiled  the  proceedings  of  the  conference,  and  provided  a 
review  document  identifying  basic  research  areas  in  support 
of  future  space  prime-power  development.  This  document  is 
the  Appendix  of  the  present  report.  The  intent  has  been  to 
focus  on  basic  vs  applied  research  and  to  provide  guidance 
and  assistance  to  prospective  researchers.  In  this  last 
regard,  a  bibliography  of  space  prime-power  is  contained  in 
the  appended  document. 
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II.  REVIEW  OF  SPACE  PRIME-POWER  CONFERENCE 


As  part  of  an  assessment  of  research  needs  in  the  space 
prime-power  area,  a  special  conference  was  convened  at  the 
Omni  International  Hotel  in  Norfolk,  VA,  22-25  February  1982. 
The  intent  of  the  Conference  was  to  review  the  state-of-the- 
art  of  space  prime-power  technology,  including  new  or 
advanced  concepts,  and  to  discuss  research  needed  for  progress 
toward  megawatt  power  levels.  The  Conference  was  attended  by 
over  190  scientists  and  engineers  from  universities,  govern¬ 
ment,  and  private  organizations.  Over  eighty  papers  were 
presented,  including  discussions  of  chemical,  nuclear  and 
radiant  energy  techniques,  power  conversion,  heat  rejection, 
materials,  chemical  and  fluid  physics,  and  also  reviews  of 
power  requirements  for  future  NASA  and  DoD  systems.  The 
Conference  agenda  is  displayed  in  Fir.  1,  in  terms  of  tech¬ 
nical  topics,  session  chairmen,  and  first  authors.  Table  I 
provides  the  Table  of  Contents  of  the  Conference,  listing 
the  authors  and  titles.  Fig.  2  displays  the  names  and 
affia  'tions  of  the  Executive  Committee  members,  whose  inter¬ 
est  and  efforts  allowed  a  successful  meeting  to  be  organized 
and  convened  in  a  matter  of  three  short  months. 

From  the  session  on  prime-power  needs,  distinctions  could 

be  drawn  between  the  continuous  power  levels  required  by  NASA 

and  DoD  missions  involving  long-term  propulsion  and  station- 

operation,  and  the  intermittant  needs  of  some  proposed  DoD 

7  8 

missions  for  very  high  power  levels  (10  -10  w)  for  several 
seconds  or  longer.  The  latter  DoD  requirement,  which  does 
not  have  routine  parallel  requirements  in  NASA,  tends  to 
broaden  consideration  of  prime-power  technology  options.  For 
example,  it  may  be  reasonable  to  expect  that  continuous 
multimegawatt  power  for  orbit  changes  (including  deep  space 
missions  away  from  the  sun)  will  require  space-nuclear 
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reactor  systems.  A  few  second  burst  of  100  megawatts,  how¬ 
ever,  might  be  better  provided  by  a  chemically-driven  MHD 
system.  In  support  of  possibly  broader  requirements  for 
high  power,  it  may  be  anticipated  that  AFOSR  would  have 
broader  research  interests  in  the  space  prime-power  area. 

The  first  two  days  of  the  Conference  were  largely 
devoted  to  a  review  of  technology  so  that  basic  research 
scientists  could  learn  from  technologists  about  the  existence 
of  various  systems  and  critical  problem  areas.  Chemical 
sources  were  reviewed,  including  batteries,  fuel  cells,  and 
combustion-driven  MHD.  Related  power  conversion  techniques 
were  also  discussed  in  the  form  of  turbogenerator  develop¬ 
ments  and  several  MHD  methods  connected  to  chemical  sources. 
(Other  MHD  systems,  not  strictly  chemically-driven ,  were 
also  described  on  the  first  day.) 

Discussions  of  nuclear  sources  included  both  developments 
from  earlier  NASA/AEC  efforts,  such  as  the  present  SP-100 
program,  and  also  advanced  concepts  in  the  form  of  rotatxng- 
fluidized  bed  systems.  Attention  was  also  given  to  safety 
issues  for  space  nuclear  power,  shielding  considerations,  and 
research  needs.  The  nuclear  session  was  followed  by  a  short 
session  on  power  conversion  technologies  (Brayton,  Rankine, 
thermoelectric) ,  which  are  often  closely  connected  to  nuclear 
sources.  The  needs  for  improved  data  on  high  temperature 
materials  and  better  theoretical  understanding,  (e.g.,  ther¬ 
moelectric  properties  and  scaling)  were  also  discussed. 

The  session  on  radiant  systems  covered  a  range  of  tech¬ 
nologies  and  concepts  involving  photons  in  one  way  or  another. 
These  technologies  included  photovoltaic  concepts  (.tandem 
photocells  and  thermal -photovoltaic) ,  solar-thermal  approaches, 
and  various  possible  ways  of  generating  laser  light  for  trans¬ 
mission  of  power  through  space  (solar-,  nuclear-,  optically- 
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pumped  lasers) .  New  concepts  for  converting  light  to  elec¬ 
tricity  were  also  described,  such  as  radiation-driven  MHD, 
plasma-diode  conversion  of  laser  light,  and  a  device  to  con¬ 
vert  light  to  RF  (actually  demonstrated  at  the  Conference) . 

The  last  full  day  of  the  Conference  tended  to  concentrate 
on  scientific  research  issues,  but  also  included  descriptions 
of  technology  and  concepts.  It  was  readily  anticipated  prior 
to  the  Conference  that  materials  research  would  be  a  critical 
requirement  for  progress  toward  high  power  in  space.  Indeed 
the  session  on  materials  was  quite  extensive,  comprising  15 
papers  on  subjects  such  as  surface  modification  techniques, 
reactor  materials,  ceramics,  materials  testing,  structural 
characterization,  and  electrical  insulation.  Closely  related 
to  materials  research  were  topics  in  chemical  physics  research 
and  thin  films,  discussions  of  which  completed  the  morning's 
activities . 

In  the  afternoon,  thermal  energy  was  considered  in  vari¬ 
ous  manifestations:  thermionic  energy  conversion  research 
and  technology,  heat  rejection  techniques,  and  thermal-stress 
analysis  of  large  space-structures.  The  session  on  thermion- 
ics  included  a  review  of  the  Doe  program  in  thermionic 
research,  in  addition  to  descriptions  of  systems  such  as  in¬ 
pile  thermionic  diodes  and  prospects  for  performance  improve¬ 
ments  by  understanding  and  controlling  particle  collection 
geometries.  Advanced  radiator  designs,  such  as  liquid  droplet 
and  liquid  metal  film  concepts,  were  discussed  in  the  session 
on  heat  and  systems.  This  session  also  included  consideration 
of  heat  pipes,  thermal  management  of  power  systems,  and  soft¬ 
ware  for  analysis  and  optimization  of  power  systems.  Prob¬ 
lems  and  uncertainties  of  analysis  and  prediction  of  large 
space-structures,  such  as  required  for  support  of  solar 
arrays,  mirrors,  radiators,  etc.,  were  also  discussed. 
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The  last  day  of  the  Conference  consisted  primarily  of  a 
morning  session  in  which  the  session  chairmen  summarized  dis¬ 
cussions  that  took  place  both  within  their  formal  sessions 
and  also  at  the  discussion  symposia  that  concluded  each  (very 
full)  day  of  the  meeting.  (In  order  to  complete  the  eighty 
papers  of  the  Conference  in  a  single-session  format,  questions 
during  the  formal  sessions  were  limited  to  ones  of  clarifica¬ 
tion.  Detailed  questions  and  answers  were  obtained  in  writing 
and  posted  at  the  discussion  symposia  for  inspection  by 
Conference  attendees  and  for  continued  discussion  by  inter¬ 
ested  parties.)  On  the  last  day,  the  session  chairmen  were 
also  offered  the  opportunity  to  present  their  personal  view¬ 
points  on  space  prime  power. 

The  Special  Conference  on  Prime-Power  for  High-Energy 
Space  Systems  provided  a  useful  opportunity  for  research 
scientists  and  technologists  to  educate  each  other  on 
problems  and  progress  in  space  prime-power.  Although  the 
AFOSR  interest  is  basic  research,  the  Conference  also  served 
as  a  forum  for  description  of  systems,  concepts,  and  programs 
with  particular  mission  requirements,  and  for  discussion  of 
research  in  support  of  specific  devices  or  needs.  The 
proceedings  of  the  Conference,  (consisting  of  over  1700 
pages  of  text  and  view  graph  copies) ,  were  compiled  and 
distributed  to  Conference  attendees. 
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III.  COMMENTS  ON  SPACE  PRIME-POWER  RESEARCH 


The  development  of  prime-power  for  high-energy  space 
systems  is  an  extremely  broad-based  and  quite  intricate 
endeavor.  Fortunately,  the  nation  has  technologists,  scien¬ 
tists,  engineers,  administrators,  also  military  officers  that 
have  dedicated  many  years  of  their  lives  to  such  effort. 
Substantial  programs  have  existed  at  least  for  two  decades 
within  the  Air  Force,  NASA,  and  the  DoE  (and  its  antecedents). 
Many  hundreds  of  millions  of  dollars  have  been  spent  during 
this  time.  Considerable  progress  has  been  made  (and,  in  some 
cases,  set  aside) .  Major  programs  of  applied- research  and 
exploratory-development  exist  at  AFWAL  and  at  NASA  labora¬ 
tories.  The  results  of  these  programs  have  been  superlative. 
In  order  for  AFOSR  to  enter  with  a  new  initiative  on  space 
prime-power  and  have  a  significant  impact  (at  the  level  of 
^  1-2  M$/yr) ,  research  must  be  sponsored  that  is  special, 
uniquely  the  province  of  AFOSR,  and  not  merely  a  weak  echo 
of  more  substantial  programs.  Such  a  unique  approach  would 
be  sponsorship  of  research  that  is  longer  range,  more  funda¬ 
mental  (or  abstract) ,  and  more  broadly  applicable  than  the 
particular  efforts  other  organizations  must  conduct  in 
order  to  ensure  steady  nearterm  progress. 

In  the  review  document,  included  as  an  appendix  to  this 
report,  a  survey  of  space  prime-power  research  and  technology 
indicates  that  three  common  areas  exist  that  together  would 
satisfy  the  need  for  broad  applicability:  1)  characteriza¬ 
tion  and  design  of  materials;  2)  fluid  interactions;  and  3) 
plasma  interactions.  In  each  of  these  areas,  it  is  important 
to  emphasize  the  general,  fundamental,  or  ideal  solution.  It 
would  be  too  easy,  otherwise,  to  become  a  supplement  to  par¬ 
ticular  applied  research  tasks  and  thereby  lose  the  unique 
role  AFOSR  could  play  in  space  prime-power.  For  example. 


area. 
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it  is  not  unlikely  that  present  techniques  on  material  modi¬ 
fication  by  ion  bombardment  could  be  extended.  In  what 
directions  should  they  go?  How  will  we  know  when  we  get 
there?  What  limits  are  there  fundamentally?  The  idea  of 
designing  bulk  materials,  large  surfaces,  etc.  to  obtain  a 
desired  function  may  soon  become  as  commonplace  as  video- 
game  chips.  There  are  many  possible  applications.  The  AFOSR 
initiative  could  insure  that  space  prime-power  is  one  of 
them. 

Another  special  role  that  AFOSR  could  play  is  in  provid¬ 
ing  the  basis  for  training  the  researchers  and  technologists 
that  the  nation  will  need  to  pursue  space  prime-power 
research  over  the  next  two  or  three  decades.  It  is  altogether 
possible  that  a  lapse  in  support  for  an  area  of  technology, 
together  with  lucrative  competition  from  other  technical 
areas,  will  result  in  a  severe  shortage  of  experienced  per¬ 
sonnel  just  when  requirements  are  established  for  high 
levels  of  space  prime-power.  It  is  already  almost  the  case 
that  the  national  capability  in  thermionics  will  be  severely 
diminished  by  DoE  cuts.  The  so-called  "lost  decade”  of 
space  nuclear  power  could  be  continued.  Such  fluctuations 
are  made  worse  by  the  timescales  required  for  developmental 
efforts,  in  particular  life-testing. 


IV.  CONCLUDING  REMARKS 


The  activity  recently  completed  by  R  s  D  Associates  in 
support  of  AFOSR  was  necessarily  quick  and  broad.  It  was 
important  to  gather  the  space  prime-power  community  together 
on  rather  short  notice,  and  the  resultant  conference,  while 
acclaimed  a  success,  did  not  provide  for  organizational  feed¬ 
back.  It  may  be  useful  for  AFOSR  to  organize  or  participate 
in  future  conferences  on  space  prime-power  research.  Such 
meetings  could  serve  to  gather  the  AFOSR  program  periodically 
into  closer  contact  with  technology  efforts,  and  might  be 
held  with  the  cooperation  and  guidance  of  an  executive 
committee  that  advises  the  AFOSR  program. 

A  distinct  omission  in  evaluation  of  space  prime-power 
research  for  the  AFOSR  initiative  has  been  the  lack  of  con¬ 
sideration  of  Soviet  efforts.  This  deficiency  could  probably 
be  corrected  with  support  to  AFOSR  from  AF-FTD.  Since, 
undoubtedly,  AFWAL  tracks  Soviet  progress  in  prime-power, 
much  of  the  information  and  guidance  could  be  supplied  by 
AFWAL.  For  the  time  and  resources  available,  the  present 
study  has  provided:  a  well-attended  conference,  proceedings 
(  %  1700  pages)  distributed  to  the  prime-power  community, 
and  a  review  document  and  bibliography  to  assist  prospective 
researchers . 

Special  thanks  are  due  to  members  of  the  Executive 
Committee  who  took  the  time  and  effort  to  assist  AFOSR  in 
convening  its  conference. 


APPENDIX  A.  DRAFT  DOCUMENT  FOR  AFOSR 
RESEARCH  NEEDS:  PRIME-POWER  FOR  HIGH 
ENERGY  SPACE  SYSTEMS 
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I. 


INTRODUCTION 


Recent  study*  of  potential  requirements  for  prime-power 
by  Air  Force  space  systems  indicates  that  steady  electric 
power  levels  approaching  one  megawatt  will  be  needed  by  the 
end  of  this  century  (Figure  AT).  Pulsed  electrical  power 
levels  in  excess  of  100  MU  will  probably  also  be  required  by 
various  space-based  future  weapon  systems.  (Such  pulsed 
levels  may  be  repeated  and  sustained  long  enough  to  require 
significant  heat  and  mass  transfer,  resembling  steady  power 
system  operation) .  Beyond  these  general  statements  (from 
historical  trends  and  research  predictions) ,  Air  Force 
mission  needs  for  high  power  levels  in  space  cannot  be 
precisely  specified  at  this  time.  Indeed,  until  megawatt 
space-power  sources  are  in  hand,  it  is  unlikely  that 
missions  will  be  authorized  that  require  such  sources. 

To  reconcile  the  present  lack  of  specific  needs  with  the 
certain  future  requirement  for  high  levels  of  prime-power 
capability,  a  broad-based  and  fundamental  research  program 
is  necessary  that  will  Support  efforts  in  the  next  two 
decades.  In  such  a  research  program,  the  particular 
problems  of  a  specific  device  presently  under  development 
are  less  important  than  the  creation  of  tools,  data, 
techniques,  etc.  Specific  problems  of  the  present  should, 
therefore,  be  generalized  to  identify  and  solve  fundamental 
questions.  The  understanding  obtained  will  then  provide  the 
basis  for  developing  prime-power  systems  that  will  enable 
the  performance  of  future  high  power  missions. 


*  M.  E.  Cohen  and  M.  Weinter,  "Space  Power  Technology  for 
the  Military  Space  Systems  Technology  Model".  The  Aerospace 
Corp. ,  El  Segundo,  CA  90245.  Aerospace  Report  No.  TOR-0082 
(2909-63)-!. 


POWER  REQUIRE  HEIEIS/PROJECT IONS 


Figure  Al.  (M.  Cohen  and  M.  Weinter,  "Space  Power 

Technology  for  the  Military  Space  Systems 
Technology  Model") . 


22 
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In  addition  to  potential  requirements  for  high  power 

levels,  Air  Force  missions  will  almost  certainly  emphasize 

features  such  as  low  weight,  small  size,  and  survivability. 

Considerations  of  the  total  spacecraft  and  mission  are 

unavoidable  in  specification  of  the  technical  approach, 

components,  and  trade-offs  in  the  prime-power  system.  Such 

considerations  may  involve  particular  emphasis  on  the 

specific  power  (kw/kg)  of  a  generator,  as  opposed  to  the 

2 

speciric  area  (n  /kw)  of  the  heat-rejection  radiators. 

Thus,  critical  values  for  component  performance  (e.g. , 
specific  power,  specific  energy,  efficiency,  etc.)  cannot  be 
stated  without  reference  to  system  design  and  mission 
requirements.  Design  studies  have  been  performed  that 
indicate  the  relative  importance  of  the  various  elements  of 
particular  prime-power  systems.  Such  studies  will  continue 
to  be  useful,  but  will  generally  depend  on  mission  needs, 
especially  in  regard  to  duration,  maneuverability,  surviv¬ 
ability,  etc. 

For  example , suppose  the  specific  power  of  the  total 
system  is  critical  to  a  maneuvering  spacecraft  mission.  By 
estimating  the  power  converter  weight  compared  to  radiator 
weight,  the  need  for  a  factor  of  two  increase  in  converter 
efficiency  versus  a  20%  increase  in  heat-rejection 
temperature  could  be  evaluated.  Research  emphasis  could 
then  be  allocated  accordingly  between  converter  physics  and 
high  temperature  material  studies.  It  is  not  unlikely, 
however,  that  twenty  years  from  now  both  higher  efficiency 
and  higher  temperature  will  be  critically  important  to  Air 
Force  missions.  A  reasonable  area  for  basic  research  in 
support  of  space  prime-power,  therefore,  would  be  the  behav¬ 
ior  of  interfaces  at  high  temperatures,  since  fundamental 
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understanding  might  assist  the  development  of  both 
thermionic  converters  and  hiqh-temperature  heat  transfer 
components.  A  similar  process  of  identifying  common 
scientific  areas  related  to  separate  technical  problems  can 
be  applied,  in  principle,  to  all  factors  that  control  the 
performance  of  prime-power  systems.  Such  factors  include 
loss  of  fatigue  strength  at  high  temperature,  utilization  of 
broad-spectrum  radiant  sources,  particle  collection  in 
diodes,  irreversibility  of  reactions,  and  many  other  topics 
that  are  evidenced  by  present  limits  on  performance.  (A 
list  of  some  performance  values*  is  presented  in  Table  Al.) 

In  general,  for  any  value  of  specific  power,  lifetime, 
limiting-temperature,  etc.,  a  basic  reason  exists  for  the 
present  state-of-the-art.  The  reasons  may  be  trivial 
("testing  was  stopped  at  10,000  hrs"),  fundamental  and  fixed 
("the  bond  energy  is  0.3  eV"),  or  basic,  but  controllable  in 
principle  ("the  undoped  material  is  not  matched  to  the  raw 
spectrum").  It  is  the  last  category  of  reasons  that  offers 
research  topics  of  greatest  promise.  By  identifying 
fundamental  physical  limitations,  understanding  the 
controlling  parameters,  and  then  devising  techniques  by 
which  these  parameters  can  be  adjusted  to  obtain  higher 
performance,  new  levels  of  capability  can  be  achieved, 
guiding  the  development  of  new  devices,  components,  and 
systems . 

A  program  initiative  comprising  the  various  basic 
research  topics  that  will  be  important  to  space  prime-power 
development  will  necessarily  be  quite  broad.  It  is, 
therefore, likely  that  many  researchers  possessing  the 

*  Compiled  from  the  proceedings  of  the  AFOSR  Special 
Conference  on  Prime-Power  for  High-Energy  Space  Systems, 
22-25  Feb  1982,  Norfolk,  VA. 
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TABLE  AI.  SAMPLING  OF  PRIME-POWER  TECHNOLOGY  NUMBERS 


(Compiled  from  Proceedings  of  Special  Conference 
on  Prime-Power  for  High  Energy  Space  Systems, 
22-25  February  1982,  Norfolk,  VA) 


Item 

NO. 

Comment 

Battery  specific  power 

800  w/lb 

(AgZn,  1  min) 

Fuel  cell  specific  power 

50  w/lb 

(Shuttle 

orbiter) 

Space  nuclear  power 

Reactor  specific  power 

25  w/lb 

(for  100  kW 

e 

RTG  specific  power 

2 . 4  w/lb 

design) 

(Galileo) 

Solar  cell  efficiency 

Array  specific  power 

18  % 

30  w/lb 

(GaAs) 

( GaAs ) 

Thermoelectric  efficiency 

8  % 

(SiGe) 

Thermionic  diode  efficiency 

15  % 
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expertise  required  to  address  fundamental  issues  will  be 
unfamiliar  with  the  needs  and  possibilities  of  the  space 
prime-power  area.  This  document  attempts  to  provide  a  brief 
review  of  space  prime-power  systems  and  research  needs.  The 
present  review  is  based  largely  on  the  AFOSR  Special 
Conference  on  Prime-Power  for  High-Energy  Space  Systems, 
22-25  February  1982,  Norfolk,  Virginia.  In  particular,  the 
bibliography  has  been  compiled  from  the  individual  biblio¬ 
graphies  of  over  eighty  papers  presented  at  the  Conference, 
and  should  assist  prospective  researchers  in  obtaining 
both  broad  and  detailed  information  on  specific  topics. 
Additionally,  some  guidance  is  provided  on  useful  distinc¬ 
tions  between  basic  and  applied  research  in  support  of  Air 
Force  needs. 


II. 


BRIEF  OVERVIEW  OF  SPACE  PRIME-POWER 


There  exist  many  techniques  for  obtaining  electrical 

power  in  space.  The  relative  merits  of  particular 

techniques  and  the  optimum  combination  of  components  and 

processes  depend  primarily  on  mission  requirements.  It  is 

useful  to  divide  prime-power  systems  functionally  into  three 

parts:  1)  energy  generation;  2)  conversion  of  source  energy 

into  electricity;  and  3)  rejection  of  thermal  energy 

generated  by  inefficiencies  in  tne  generator  and/or 

converter.  The  first  functional  part  may  not  actually  be 

contained  in  the  spacecraft.  For  example,  the  sun  or  a 

laser  beam  could  supply  photon  energy.  Also,  the  energy 

source  may  be  replenishable ,  in  terms  of  chemical  reactants, 
★ 

for  example  . 

For  each  of  the  three  functional  parts,  there  are 
reasonably  distinct  technical  categories.  In  the  energy 
generation  area,  nuclear  and  chemical  processes  are  the 
fundamental  sources;  it  is  useful,  however,  to  treat  radiant 
source  technology  (solar,  laser,  microwave)  as  a  major 
category.  ("Which  came  first,  light  or  mass?",  is  beyond 
the  scope  of  the  present  document.)  In  the  area  of  energy 
conversion  into  electricity,  three  main  categories  exist: 

1)  photoelectric  -  photon  energy  converted  directly  to 
electricity,  typically  by  direct  interactions  of  photons  and 


*The  distinction  between  energy  sources  and  energy  storage 
(for  pulsed-power  or  load-levelling)  is  somewhat  arbitrary, 
but  can  be  made  in  terms  of  physical /chemical  processes. 

That  is,  if  the  processes  are  the  same  as  for  a  source  that 
would  be  launched  from  the  earth,  then  it  is  reasonable  to 
treat  any  device,  even  if  energized  in  space,  as  an  energy 
source  (example:  batteries).  If  the  device  would  not  be 
launched  in  an  energized  state  (example:  high  speed, 
rotating  flywheel) ,  then  it  is  more  useful  to  consider  it 
part  of  the  power  conditioning  system  (or  in  some  instances, 
power  conversion) . 
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electrons;  2)  thermal  -  heat  converted  to  electricity  by 
direct  means  (Seebeck  effect,  thermionic  diode)  or  indirect 
means,  involving  transformation  of  heat  into  mechanical 
energy  and  then  into  electricity  (MHD ,  Bray ton,  Rankine, 
etc. , -cycles) ;  and  3)  chemical  -  reaction  energy  converted  to 
electricity  (battery,  fuel-cell,  beta-decay).  Rejection  of 
heat  from  the  prime-power  system  also  has  three  main 
categories:  radiation,  storage ,  and  mass  ejection.  The 

last  two  categories  can  be  utilized  in  missions  that  require 
short  intervals  of  high  prime-power  levels;  radiation  is  the 
only  choice  for  steady-state  power  processing.  (Storage  is 
also  used  beneficially  in  some  systems  as  a  load-leveller) . 

A  diagram  summarizing  the  functional  and  technical  areas  of 
space  prime-power  is  given  in  Figure  A2 . 


MATRIX  OF  SPACE  PRIME-POWER  TECHNOLOGY 
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Figure  A2 . 


III. 


BASIC  VS  APPLIED  RESEARCH  IN  SUPPORT  OF  PRIME-POWER 


Before  describing  particular  research  topics,  it  is 
useful  to  discuss  those  distinctions  between  basic  and 
applied  research  that  delineate  the  responsibilities  of  the 
Air  Force  Office  of  Scientific  Research  in  regard  to 
sponsorship  of  research.  As  indicated  earlier,  AFOSR  is 
interested  in  basic  research  issues  applicable  to  space 
prime-power  development,  rather  than  specific  mission- 
oriented  devices,  schemes,  etc.  Within  the  Department  of 
Defense,  funding  for  research  is  divided  along  both 
disciplinary  lines  (e.g. ,  physics)  and  mission  immediacy. 
Basic  research  is  performed  under  DoD  sponsorship  at  two 
levels  of  immediacy:  a)  directly  in  support  of  a  single 
mission  requirements  (designated  "6.2"  for  physics  research) 
and  b)  applicable,  but  not  necessarily  applied,  to  more  than 
one  mission  (designated  "6.1"  for  physics).  An  example  of 
6.2  research  would  be  understanding  pulsed  high  temperature 
plasma  radiation  sources  in  regimes  of  interest  for  nuclear 
weapons  simulation.  Understanding  plasma/surface  chemistry 
at  a  level  applicable  to  lasers,  switching,  and  re-entry 
vehicles  would  be  6.1  research.  While  a  variety  of  specific 
prime-power  systems  of  Air  Force  interest  may  require 
research,  the  mission  of  AFOSR  is  to  foster  research  at  the 
fundamental  (e.g.,  6.1)  level  rather  than  to  fund  research 
and  development  of  particular,  single-mission-related 
devices.  Other  parts  of  the  Air  Force  have  responsibilities 
for  such  development,  and  also  for  research  needed  to 
accomplish  development  successfully.  (Note  that,  in  the 
other  extreme,  fundamental  research  not  clearly  applicable 
to  some  defense  mission  may  not  be  of  sufficiently  immediate 
interest  to  qualify  even  for  6.1-type  funding.) 
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In  the  next  sections,  research  problems  are  grouped 
according  to  technology  areas  to  indicate  the  sources  of 
concern  in  space  prime-power  systems.  (The  bibliography 
has  the  same  arrangement  so  that  reference  material  can  be 
readily  accessed.)  The  scientific  issues  common  to  several 
technological  problem  areas  comprise  the  research  interest 
of  AFOSR  in  support  of  prime-power  for  high  energy  space 
systems . 


IV.  BRIEF  SURVEY  OF  SPACE  PRIME-POWER 
TECHNOLOGY  AND  RESEARCH 

1 .  CHEMICAL  SOURCES 

The  use  of  chemiq'al  energy  to  create  electricity  is  a 
well-established  technology,  typically  found  in  a  variety  of 
batteries.  In  most  terrestrial  applications,  battery 
systems  appear  relatively  passive  and  the  principal  thrusts 
for  development  have  been  higher  energy  density,  higher 
current  capacity,  lower  cost,  etc.  Defense  system  applica¬ 
tions  place  additional  constraints,  largely  due  to 
environment  and  limited  access  (e.g. ,  underwater,  in  space). 
The  basic  ruggedness  and  reliability  of  battery  systems  are 
sufficiently  attractive  to  maintain  interest  in  extending 
battery  performance  into  regimes  for  which  other  (more 
complex)  techniques  might  otherwise  be  selected. 

Fuel-cells  have  been  developed  relatively  rapidly  in 
support  of  space  missions  and  can  also  be  considered 
well-established  technology.  As  with  batteries,  there  is 
considerable  impetus  to  extend  capabilities  to  higher 
levels.  Higher  pressure  operation  appears  to  provide 
significant  improvement.  Also  in  common  with  batteries,  the 
development  of  reversible  (rechargeable)  systems  is 
particularly  interesting.  For  missions  in  which  very  high 
power  levels  are  needed  intermittently  for  short  durations, 
the  use  of  fuel-cell  reactants,  such  as  hydrogen  and  oxygen, 
in  combustion-driven  MHD  generators  could  provide  a  total 
system  capability  that  would  favor  fuel-cells  for 

modest,  steady  power  requirements.  Other  reactants  are,  of 
course,  possible  and  are  under  investigation.  (Considerations 
of  system  concepts,  while  supplying  additional  reasons  for 
fuel-cell  development,  are  beyond  AFOSR  research  interests) . 
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Two  directions  for  battery  and  fuel-cell  development  can 
be  pursued.  Since  the  basic  technology  is  already  well  in 
hand,  performance  can  be  improved  by  testing  devices  and 
correcting  failure  modes.  In  some  instances,  performance 
limitations  may  be  due  to  mechanical  stresses  (as  in  higher 
pressure  fuel-cell  operation)  or  system  design  may  constrain 
the  choice  of  reactants  to  fuels  needed  by  other  power  modes 
(e.g.  ,  H 2 / 0 2 ) .  Gradual  evolution  to  higher  performance 
should  be  possible,  even  empirically.  In  parallel  with  such 
evolution,  fundamental  studies  of  the  interface  chemistry 
and  other  interactions  between  electrodes  and  electrolytes 
may  assist  in  selection  of  candidate  reactants,  catalysts 
and  structural  materials.  Many  aspects  of  these  studies 
could  prove  useful  to  other  parts  of  the  prime-power  system, 
such  as  surface  reactions  in  heat  loops. 

2.  CHEMICAL/MHD  SYSTEMS 

The  technology  of  magnetohydrodynamic  (MHD)  power 
systems  is  associated  with  chemical  systems  because 
combustion  is  often  used  to  provide  the  necessary  high 
speed,  electrically  conducting  flow.  Apart  from  this 
association,  MHD  power  systems  do  not  utilize  chemical 
reactions  to  generate  electricity.  There  are  however, 
critical  chemical  processes  involved  in  MHD  generators. 

Basically,  MHD  power  generation  requires  that  a  high 
speed  flow  crossing  a  strong  magnetic  field  possess 
sufficient  electrical  conductivity  to  allow  significant 
currents  to  flow  (magnetic  Reynolds  numbers  -  unity) .  Such 
currents  interact  with  the  local  magnetic  fields  to  produce 
an  electromagnetic  body  force  that  acts  against  the  high 
speed  flow,  converting  kinetic  energy  into  electrical 
energy.  For  gaseous  or  plasma  flows,  the  electrical 
conductivity  depends  critically  on  the  temperature  (and. 
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sometimes,  density)  of  the  flow.  The  conductivity  is, 
therefore,  significantly  affected  by  both  the  initial  flow 
conditions  (as  provided,  perhaps,  by  chemical  combustion) 
and  chemical  processes  (e.g.,  ionization/recombination)  in 
the  current-carrying  flow.  In  the  temperature  regime  that 
is  typical  of  MHD  power  systems  (0.1  -  1  eV) ,  the  conductivity 
and  current  density  distributions  can  interact  nonlinearly, 
providing  significant  variations  from  optimum  performance 
characteristics  (e.g.,  spokes). 

The  interaction  of  the  conducting  flow  with  solid 
boundaries  (electrodes  and  insulators)  can  also  be  a 
critical  area  limiting  MHD  generator  performance  and 
lifetime.  The  basic  physical  processes  of  heat  transfer, 
particle  bombardment,  and  radiation  interact  closely  with 
chemical  processes  of  ionization,  recombination,  excitation, 
etc.,  at  and  near  the  solid  boundaries.  Nonuniform 
attachment  of  the  discharge  to  electrodes,  the  degradation 
of  insulators  by  particles  and  "triple-point"  interactions 
(where  the  discharge,  electrodes,  and  insulator  meet)  are 
just  a  few  of  the  basic  problem  areas.  Many  of  these 
problems  are  shared  by  advanced  propulsion  systems  (e.g. ,  ! j 

plasma  thrusters),  so  common  research  interests  exist  for 
AFOSR  attention.  Some  research  interests  would  include 
development  of  experimental  and  theoretical  techniques  and 
a  data  base  on  electrode  and  insulator  materials  in  a  high 
energy  discharge  environment. 

There  are  MHD  generator  concepts  and  systems  that  do  not 
involve  high-current  gas-discharges,  namely,  liquid-metal/ 
aerosol  systems.  In  such  generators,  the  conducting  flow 
consists  not  of  a  gas,  seeded  with  metal  (e.g.,  cesium)  for 
ready  ionization,  but  a  liquid-metal  "seeded"  with  gas 
bubbles.  Expansion  of  these  bubbles  provides  the  working 
mechanism  by  which  heat  energy  (in  the  gas  and  liquid)  is 
converted  into  flow  kinetic  energy.  The  liquid  metal  allows 
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a  high  conductivity  path  for  electrical  currents  between  the 
generator  electrodes.  Interaction  of  these  currents  with 
magnetic  fields  again  provides  the  electromagnetic  forces 
that  oppose  the  fluid  flow  and  convert  kinetic  energy  into 
electric  energy. 

Two  areas  of  research  in  liquid  metal/aerosol  MHD 
generators  are  interactions  of  the  hot  liquid-metal  flow 
with  solid  boundaries,  and  the  mechanics  of  two-phase, 
multi-component  thermodynamic  flows.  Both  these  areas  occur 
in  other  parts  of  prime-power  systems,  such  as  liquid-metal 
thermodynamic  cycles,  heat  pipes,  and  liquid-film  or  -droplet 
radiator  systems.  Common  research  questions  can , therefore , 
be  expected. 

3 .  NUCLEAR  SOURCES 

Nuclear  sources  for  electric  power  generation  are 
well-established  in  terrestrial  applications  at  very  high 
power  levels  (>Mw)  and  in  space-based  systems  at  levels 
presently  adequate  for  many  significant  missions  ( <10  kw) . 

The  space-based  systems  (in  the  past  or  present  U.S. 
inventory)  include  the  radioisotope  sources  (e.g., 
radiothermal  generators  or  RTG's)  and  dynamic-cycle 
approaches.  The  high-power  systems  are  commercial-utility 
reactors  and,  at  one  time,  also  included  systems  applicable 
for  use  in  space  (NERVA,  et  al  ) .  Recently,  interest  has 
been  generated  in  development  of  a  space  power-reactor  at 
the  100  kw  level,  the  SP-100.  (Also,  concepts  such  as  the 
rotating-f luidized-bed  reactor  have  attracted  attention.) 

With  the  substantial  technology  base  developed  over  the 
last  four  decades,  many  of  the  tools,  techniques  and  data 
exist  to  develop  high-power  space-nuclear  systems.  The 
principal  problem  is  operating  lifetime.  This  problem  is 
specific  to  nuclear  systems,  in  terms  of  reaction-induced 


damage  and  swelling,  but  common  to  all  thermal  power 
systems  for  space,  in  terms  of  creep,  loss  of  fatique 
strength,  integrity,  etc.  at  the  high  temperatures  required 
for  rejection  of  waste  heat.  Those  research  tasks  that  are 
peculiar  to  nuclear  power  systems  can  be  considered  appliea 
research  and  should  be  sponsored  as  part  of  programs  to 
develop  such  systems.  The  more  general  problem  area  of 
material  behavior  at  high  temperatures,  especially  under 
conditions  of  mechanical  stress  and  corrosion,  is 
appropriate  for  basic  research  consideration.  Similarly, 
problems  associated  with  particular  device  concepts,  (such 
as  rotating-f luidized-bed  reactors,  selection  of  nuclear 
fuel  packages,  etc.),  should  be  considered  as  applied  to 
particular  missions  that  demand  these  concepts.  Analyses  of 
nuclear  safety  issues  and  techniques  also  depend  closely  on 
the  particulars  of  the  mission  and  spacecraft,  and  apply 
only  to  space  nuclear-power  systems. 

4.  POWER  CONVERSION 

The  research  area  in  nuclear  sources  that  is  common  to 
all  systems  based  on  thermal  energy  is  the  behavior  of 
materials  at  elevated  temperature.  Such  research  would 
apply  within  a  nuclear  source,  to  thermoelectric  and 
thermionic  converters,  to  Brayton,  Rankine,  and  other 
thermodynamic  cycles,  MHD  generators,  and  finally  to  various 
stages  of  the  heat  rejection  system.  In  the  area  of  power 
conversion,  in  particular,  there  are  two  types  of  high 
temperature  materials  questions:  1)  experimental  data  on 
solid  and  liquids  above  2000°K  and  2)  physical  understanding 
of  phenomena  at  high  temperature,  including  the  means  to 
specify  and  achieve  desired  behavior.  The  former  question 
reflects  the  difficulties  associated  with  performing 
experiments  in  the  higher  temperature  regimes  that  may  be 
suggested  by  system  optimization  studies  (which  in  turn 
require  performance  data) .  The  latter  type  of  question 
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includes  such  concerns  as  the  scaling  of  the  figure  of  merit- 
temperature  product  in  thermoelectrics,  and  approaches  to 
preventing  corrosion  of  high  temperature,  alkali-metal  flow 
loops.  A  common  research  area  is  the  interaction  of  high 
temperature  materials  at  interfaces.  The  physical/chemical 
basis  for  preparation  of  materials,  bonds,  coatings,  etc., 
can  be  examined  in  such  research. 

5.  RADIANT  SYSTEMS 

Prime-power  systems  based  on  radiant  energy  exist  in  two 
different  forms.  Some  systems  utilize  photons  in  proper 
energy  ranges  to  convert  radiant  energy  into  electricity  by 
direct  interaction  of  photons  with  electrons,  (photoelectric 
effect,  microwave- , laser-receivers ,  etc.).  Other  systems 
absorb  photons  over  a  broad  range  of  energies  in  a  manner 
that  converts  radiant  energy  into  heat,  (scattering, 
reabsorbing,  downshifting  photon  and  particle  energies  in 
free  and  bound  states) .  Heat  is  then  converted  into 
electricity  by  thermal  methods,  including  thermoelectric, 
thermionic,  and  various  dynamic  cycles,  (Brayton,  Rankine, 
MHD,  etc.)  The  two  different  forms  of  radiant  energy  system 
have  quite  distinct  research  problems. 

For  radiant-thermal  systems,  the  concerns  are  essentially 
tue  same  as  for  other  thermal  concepts.  Basic  research  is 
needed  on  materials  and  material  interfaces  at  high 
temperatures.  (Such  research  has  been  mentioned  in  earlier 
sections) .  Direct  radiant-electric  systems  involve  research 
topics  that  range  from  design  and  fabrication  of  multi-layer 
(tandem)  photocells  that  more  efficiently  utilize  the  solar 
spectrum,  to  understanding  the  interactions  of  electro¬ 
magnetic  radiation  with  plasmas ( solid  or  gaseous)  in  the 
context  of  electrical  power  generation.  The  former  topic 
will  probably  include  fundamental  research  questions  on  the 
characterization  and  modification  of  matter  and  will  be 
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closely  related  to  other  problem  areas,  such  as  thermoelectrics. 
Research  on  interactions  with  plasma  might  involve  the 
utilization  of  transmitted  laser  radiation  to  excite 
plasmons,  and  could  provide  needed  understanding  of  the 
coupling  of  randomly-phased  radiation  to  plasma  electrons. 

An  additional  critical  technology  area  for  radiant 
systems  based  on  solar  power  is  the  need  for  large 

structures  to  accumulate  the  required  high  levels  of  power. 

•> 

At  1  kw/m~  incident  power  flux  and  10%  conversion  efficiency, 

4  2 

collection  areas  in  excess  of  10  m  would  be  needed  for 
megawatt  electrical  power  levels.  The  interactions  of 
space-plasma  and  fields  with  such  structural  areas  provide 
additional  research  problems  (that  will  occur  also  for  large 
heat-rejection  radiators,  and  possible  Air  Force  payloads 
such  as  antenna  arrays.) 

6.  MATERIALS  AND  CHEMICAL  PHYSICS  RESEARCH 

The  earlier  sections  have  repeatedly  noted  the 
importance  of  obtaining  data  and  understanding  of  materials 
at  high  temperatures,  the  behavior  of  interfaces  between 
solids,  liquids,  gases,  and  plasmas,  and  the  interactions  of 
photons  with  matter.  Facilities  for  obtaining  data  at 
elevated  temperatures  (  2000°K) ,  for  controlling  sample 
purity,  especially  at  surfaces,  and  for  evaluating  longterm 
behavior  of  materials  (e.g.,  creep,  loss  of  fatigue  stress) 
are  far  from  trivial  and  are  not  generally  available.  An 
important  area  of  concern  is,  therefore,  the  development  of 
the  means  for  conducting  basic  research,  using  either 
existing  facilities,  (created  in  response  to  particular 
device  requirements) ,  or  new  user-oriented  facilities. 

(Related  to  the  development  of  experimental  tools  is  the 
sponsorship  of  educational  programs  that  will  provide 
researchers  trained  and  interested  in  the  area  of  high 
temperature  material  behavior).  University-based  programs, 
in  close  cooperation  with  government  laboratories  (e.g., 
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AFWAL,  NASA  Lewis,  LANL) ,  can  offer  steady  progress  in  the 
necessary  long  duration  research  tasks  associated  with  the 
creation  and  evaluation  of  new  materials. 

Material  modification  techniques  can  be  attempted,  but 
considerable  care  must  be  taken  to  prepare  and  characterize 
samples.  Progress  has  been  made  in  such  areas  as  ion 
bombardment  to  improve  the  film  coerficient  for  heat 
transfer  at  surfaces,  ion  beam  generation  of  diamond-like 
coatings,  and  deep  impurity  trapping  to  create  new 
semiconductors.  The  number  of  possibilities  and 
combinations  is  very  great.  Improved  theoretical/' 
calculational  tools  will  be  necessary  to  evaluate  data  and 
to  guide  the  selection  of  materials  and  techniques. 
Experimental  techniques,  with  calculational  support,  will  be 
needed  that  have  considerable  flexibility  to  characterize  a 
variety  of  new  materials  and  arrangements. 

Ideally,  it  should  be  possible  to  design  and  fabricate 
special  combinations  of  elements  that  will  possess  the 
energy  levels,  bandgaps ,  mobilities,  etc.  desired  to  achieve 
higher  performance.  In  many  instances,  fundamental 
constraints  will  exist  that  prevent  some  combinations  from 
occuring.  Alternative  combinations  and  techniques,  however, 
may  always  be  possible.  With  such  an  idealization  in  mind, 
it  is  useful  for  research  in  space  prime-power  to  identify 
those  characteristics  that  limit  performance  and  those 
properties  of  materials  at  atomic  and  molecular  levels  that 
can  provide  significant  improvements.  Basic  research  can 
supply  the  experimental  and  theoretical  techniques  for 
performing  such  identifications. 
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7.  THERMIONICS 


Power  generation  using  thermionics  becomes  attractive 
when  high  temperature  sources  are  available  to  heat  elec¬ 
trons  directly  out  of  a  cathode.  An  anode  at  lower  tempera¬ 
ture  can  then  be  placed  close  enough  to  the  cathode  to 
collect  significant  electrical  currents.  Electron  emission 
from  metals  is  a  strongly-increasing  function  of  temperature 
so  the  anode  can  function  even  at  a  relatively  high  tempera¬ 
ture  (  ^  1000°  K)  which  allows  substantial  reduction  of  the 
radiator  area  needed  for  heat  rejection.  Combined  with 
high  temperature  sources  (e.g.,  nuclear),  thermionic  con¬ 
version  thus  offers  the  potential  for  very  compact  prime- 
power  systems. 

Research  problems  in  thermionics  are  in  two  main  areas. 
High  temperature  operation  requires  understanding  and 
control  of  materials  at  elevated  temperatures,  both  within 
the  converter  itself  and  in  the  heat  rejection  system  that 
can,  in  principle,  operate  with  relatively  high  temperature 
waste-heat.  The  details  of  particle  density  and  temperature 
distributions  within  the  converter  are  a  separate  area  of 
concern,  since  the  efficiency  of  thermionic  converter 
operation  depends  critically  on  the  self-consistent  poten¬ 
tial  distribution  from  cathode  to  anode.  Improvements 
by  altering  electrode  geometries,  ionization/neutralization, 
etc.  are  predicted  theoretically  and  can  be  examined.  The 
particular  details  of  thermionic  converter  design  are  sub¬ 
ject  to  applications  (e.g.,  in-pile  operation  is  concerned 
with  neutron  effects).  The  ability  to  analyze,  predict, 
and  verify  interactions  of  plasmas  with  electrodes  and 
insulators,  particle  density  and  temperature  distributions 
in  alkali-metal  discharges,  etc.  is  a  basic  research  goal 
appropriate  to  thermionic  converters,  MHD  generators,  and 
various  electric  propulsion  schemes. 


8.  HEAT  AND  SYSTEMS 


The  final  functional  category  in  a  space  prime-power 

system  is  the  rejection  of  waste  heat.  For  intermittent 

use  of  short  duration,  waste  heat  can  be  stored  in  matter 

that  is  either  ejected  (e.g.,  open-cycle)  or  retained  and 

cooled  subsequently  by  other  techniques  at  lower  power. 

Steady-state  operation  in  space  requires  heat  rejection  by 

radiation.  For  the  temperature  ranges  of  interest,  and  the 

materials  available,  such  radiation  follows  a  blackbody-like 

behavior  and  is  thus  a  strong  function  of  temperature 
4 

(  'V'  T  )  .  Much  of  the  effort  in  achieving  high  levels  of 
heat  rejection  capability  have  been  concerned  with  tech¬ 
niques  for  heat  transport  from  converters  to  radiator 
panels . 

A  major  component  of  such  transport  is  generally  the 
heat  pipe,  in  which  a  self-pumping  flow  cycle  is  established 
by  vapor- flow,  condensation,  and  capillary  return  of  liquid 
coolant.  Although  the  operation  of  heat  pipes  has  been 
demonstrated  successfully,  their  use  in  complicated  geome¬ 
tries  (e.g.,  sharp  turns)  and  improvement  in  specific 
power  flux,  reliability,  etc.  require  greater  understanding 
in  areas  such  as  surface  wetting,  capillary  flow,  two-phase 
flow  stability,  condensation,  etc.  The  effects  of  surface 
preparation,  coatings,  geometries,  material  compatibility 
at  high  temperature,  etc.  need  to  be  evaluated.  Basic 
research  is  needed  on  two-component  flows  and  interactions 
of  liquids  and  condensing  vapors  with  surfaces.  Such 
research  could  be  applicable  to  two-phase  flows  in  heat 
transfer  systems,  in  thermodynamic  cycles  (dynamic  conver¬ 
sion  systems) ,  liquid-metal  MHD  generators  and  liquid- 
radiator  schemes. 


The  use  of  liquid-films  or  -droplets  to  create  a  large, 
low  mass  surface  for  heat  radiation  has  been  proposed  for 
high-power  space  systems.  The  particular  schemes  have 
problem  areas  that  would  need  to  be  addressed  in  exploratory 
development.  More  general  topics,  however,  for  basic 
research  interest  include  the  interactions  of  liquids  with 
space-plasmas  (individually  and  in  clouds  or  streams)  and 
heat  transfer,  wetting,  stability,  etc.  of  liquid  streams 
and  droplets  interacting  with  surfaces. 

The  interactions  of  large  structures  (solid  or  liquid) 
with  space-plasmas,  fields,  and  radiation  should  be 
examined  on  a  general  basis  to  provide  guidance  for  design 
and  evaluation  of  particular  systems,  (e.g.,  radiators, 
solar  collectors,  antennas,  shields,  mirrors,  etc.).  Such 
interactions  include  both  shortterm  events  (surge  currents, 
voltages  in  storms)  and  longterm  degradation  (e.g.,  electro¬ 
corrosion,  drag,  etc.).  Basic  material  data  are  also 
needed  for  the  design  of  large  space  structures  (thermal, 
electrical,  mechanical  characterization  of  construction 
materials  and  predictions  for  new  materials) . 
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V.  SUMMARY  OF  BASIC  RESEARCH  AREAS 
FOR  SPACE  PRIME-POWER 


The  preceding  section  provides  a  rapid  survey  of  space 
prime-power  technology  and  the  research  problems  associated 
with  particular  functional  or  technical  categories. 

Although  there  are  many  particular  research  topics  that 
require  attention,  three  areas  of  basic  research  are  indi¬ 
cated  that  would  support  future  development  of  prime-power 
for  high  energy  space  systems: 

1.  Characterisation  and  Design  of  Materials 

2.  Fluid  Interactions 

3.  Plasma  Interactions 

Within  these  three  areas  are  distinct,  but  related 
topics.  The  last  two  areas  will  couple  to  the  first  area 
for  those  interactions  that  depend  upon  material  properties 
at  surfaces.  Delineation  of  the  three  areas  above  can  be 
associated  with  the  technical  specialties  that  may  be 
required  for  successful  research  in  these  areas:  solid- 
state  physics,  fluid  mechanics,  and  plasma  physics, 
respectively. 

1.  CHARACTERIZATION  AND  DESIGN  OF  MATERIALS 

There  are  two  extremes  of  approach  and  need  in  this 
research  area.  The  basic  physical  chemical  laws  governing 
the  structure  of  matter  can  be  examined,  extended,  and 
utilized  to  devise  new  materials  and  combinations  of 
materials  that  have  desired  properties  to  advance  space 
prime-power.  Material  modification  techniques  (e.g.,  ion 
bombardment,  impurity  trapping)  can  be  developed,  guided  by 
theoretical  and  experimental  tools.  Eventual  applications 
will  be  to  improved  solar  cells  (e.g.,  tandem),  lower 
corrosion,  new  catalysts,  etc. 
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A  more  mundane  avenue  of  endeavor  is  the  characteriza¬ 
tion  of  material  properties,  especially  at  high  temperatures 
(  >  2000°  K) .  Experimental  facilities  and  techniques  are 
required  for  life-testing  structural  materials,  measuring 
creep  stress  characteristics,  loss  of  fatigue  strength,  etc. 
Characterization  of  structural  properties  is  also  needed 
for  new  materials  at  lower  temperatures  (for  large  space- 
structures,  high  pressure  fuel-cells,  etc.) 

2 .  FLUID  INTERACTIONS 

Flow  of  liquids  and  gases  through  various  structures 
and  under  various  conditions  of  temperature  and  pressure  is 
found  in  many  space  prime-power  concepts.  Very  often  the 
flow  interacts  with  boundaries  resulting  in  corrosion  or 
wear.  Boundaries  guide  and  supporr  desirable  flow  behavior 
as  well  (e.g.,  capillary  flow  in  heat  pipes).  Factors 
affecting  the  interactions  of  liquids  and  solids  need  to  be 
examined.  For  example,  the  influence  of  surface  orepara- 
tion  on  wetting  and  heat  transfer.  Interaction  of  flows 
with  suspended  liquid  or  solid  droplets  is  a  concern  in 
several  heat  transfer  schemes.  Characterization  of  fluid 
material  properties  at  high  temperature  is  also  necessary 
(e.g.,  potassium,  tin)  in  order  to  predict  behavior  for 
dynamic  conversion,  heat  transport,  heat  rejection,  etc. 
Chemical  effects  on  boundaries  (corrosion,  fuel-cell 
operation,  etc.)  can  be  examined  in  conjunction  with  surface 
modification  techniques. 

3.  PLASMA  INTERACTIONS 

Plasmas  occur  in  space  prime-power  systems  both  inter¬ 
nally  (thermionic  diodes,  MHD  generators)  and  externally 
(space-plasma  surrounding  radiators  or  collectors) .  The 
distributions  of  particle  density  and  temperature  within 


power  converters  are  critical  to  performance.  Such  convert 
ers  include  not  only  the  standard  thermionic  and  MHD  tech¬ 
niques  but  also  new  concepts  (e.g.,  photon  conversion  to 
electricity  in  solid  or  gaseous  plasmas) .  The  interactions 
of  plasmas  with  electrodes  and  insulators  (particle  bombard 
ment  chemical  reaction,  erosion)  are  important  to  system 
lifetime.  High  energy  plasma  particle  bambardment  of 
insulators,  liquid-films,  droplets,  etc.  can  cause  longterm 
degradation  of  power  systems.  Short  term  electrical  surges 
supported  by  space-plasmas  can  damage  large  structures 
associated  with  high  power  space  systems.  Theoretical  and 
experimental  examination  of  plasma  interactions  in  the 
context  of  space  prime-power  systems  can  guide  the  develop¬ 
ment  of  improved  converters,  and  also  avoid  otherwise 
unforeseen  difficulties  with  large  space-system  operation. 
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VI .  CONCLUDING  REMARKS 


The  descriptions  of  basic  research  areas  in  Sections  IV 
and  V  are  provided  as  general  guidance  to  prospective 
researchers  interested  in  contributing  toward  future  high- 
power  space  systems.  Specification  of  particular  research 
tasks  has  been  consciously  avoided  in  order  to  emphasize 
the  breadth  of  potential  research  and  to  prevent  concentra¬ 
tion  on  nearterm  developmental  concerns.  A  substantial 
amount  of  excellent  applied  research  has  been  done  (and 
continues) ,  as  evidenced  by  the  Bibliography.  For  the 
limited  resources  that  can  be  provided  to  basic  research  to 
have  significance,  efforts  must  delve  deeply  to  apply 
broadly . 


A  BIBLIOGRAPHY  OF  SPACE  PRIME  POWER 

Compiled  from  Papers  Presented 
at  the 

AFOSR  Special  Conference 
on 

Prime  Power  for  High-Energy  Space  Systems 
22-25  February  1982 
Norfolk,  Virginia 


I.  PRIME  POWER  NEEDS 

Hartke,  R.  H. ,  "Space,  the  Air  Force,  and  AFOSR" 

Mullin,  J.,  "NASA  Directions  for  Research  and  Technology 
in  Space  Power" 

Cohen,  M. ,  "High  Power  Requirements" 

Woodcock,  G.  R.  and  Silverman,  S.,  "Power  Requirements 
for  Manned  Space  Stations" 

Caveny,  L.,  "Power  Requirements  for  Orbit-Raising 
Propulsion" 

1.  Burton,  R.  L.,  Clark,  K.  E.,  and  Jahn,  R.  G. , 

Thrust  and  Efficiency  of  a  Self-Field  MPD  Thruster", 
AIAA  Paper  81-0684,  April  1981. 

2.  Cheng,  Dah  Yu,  "Application  of  a  Deflagration  Plasma 
Gun  as  a  Space  Propulsion  Thruster",  AIAA  Journal, 
Vol.  9,  No.  9,  September  1971,  pp  168TT 

3.  Finke,  R.  C.  (ed. ) ,  Electric  Propulsion  and  Its 
Applications  to  Space  Missions,  Progress  In  Astro¬ 
nautics  and  Aeronautics  Series,  Vol.  79,  (Martin 
Summerfield,  Series  Ed. ) ,  American  Institute  of 
Aeronautics  and  Astronautics,  New  York,  1981. 

4.  Jones,  L.  W. ,  "Laser  Propulsion  -  1980",  AIAA  Paper 
80-1264,  July  1980. 

5.  Kaufman,  H.  R. ,  "Large  Inert-Gas  Thrusters",  AIAA 
Paper  81-1540,  July  1981. 

6.  King,  D.  Q. ,  Clark,  K.  E.,  and  Jahn,  R.  G. ,  "Effect 
of  Choked  Flow  on  Terminal  Characteristics  of  MPD 
Thrusters",  AIAA  Paper  81-0684,  April  1981. 


47 


7.  Layton,  J.  P.,  Grey,  J.,  and  Smith,  W.  W. ,  "Prelim¬ 
inary  Analysis  of  a  Dual-Mode  Nuclear  Space  Power  ‘/ 

and  Propulsion  System",  1976. 

8.  Mattick,  A.  T.  and  Hertzberg,  A.,  "Liquid  Droplet 

Radiators  for  Heat  Rejection  in  Space",  AIAA  Paper  ' 

80-9477,  August  1980. 

9.  Mead,  F.  B.,  Jr.  (ed.),  "Advanced  Propulsion  Con-  *. 

cepts  -  Project  Outgrowth",  AFRPL-TR-72-31 ,  Rocket 

Propulsion  Laboratory,  Edwards  AFB ,  CA,  June  1972,  | 

(AD750554)  .  ;  : 

9.  Papdiliou,  D.  C.  (ed. ) ,  "Frontiers  in  Propulsion 
Research",  Tech  Memo,  33-722,  JPL,  Pasadena,  CA, 

1975,  (N75-22 37 3 )  '  j 

10.  Powell,  J.  E.,  Botts,  T.  E.,  and  Hertzberg,  A.,  jj 

"Applications  of  Power  Beaming  from  Space-Based  :  j 

Nuclear  Power  Stations",  16th  IECEC  Meeting,  j 

Atlanta,  GA,  August  1981.  j 

11.  Weiss,  R.  F.,  Pirri,  A.  N. ,  and  Kemp,  N.  H.,  "Laser  ] 

Propulsion",  Astronautics  and  Aeronautics,  Vol.  17,  j 

No.  3,  March  1979,  pp.  50-58. 


II.  CHEMICAL  SOURCES 

Clark,  J.,  "Chemical  Sources:  Overview" 

Brown,  R.  A,  "Batteries" 

Stedman,  J.  K. ,  "Alkaline  Fuel  Cells  for  Prime  Power  and 
Energy  Storage" 

Oberly,  C.  E.,  "Turbogenerators" 

III.  CHEMICAL/MHD 

Dicks,  J.  B.,  "MHD  Power:  Overview" 

Smith,  J.  M. ,  "NASA  Lewis  Research  Center  Combustion  MHD 
Experiment" 

1.  Smith,  J.  M. ,  "Preliminary  Results  in  the  NASA  Lewis 
H2O2  Combustion  MHD  Experiment",  18th  Symposium, 

48 


JL  -f*  _  .  r  V- 


! 


f 


JL 


Engineering  Aspects  of  Magnetohydrodynamics,  Butte, 
Montana,  June  18-20,  1979. 

2.  Smith,  J.  M. ,  "Results  of  Duct  Area  Ration  Changes  in 

the  NASA  Lewis  Combustion  MHD  Experiment",  AIAA 

Paper  No.  80-0023,  Jan.  1980. 

3.  Smith,  J.  M. , "Experiments  on  H2-02  Power  Generation", 
Third  World  Hydrogen  Energy  Conference,  Tokyo,  Japan, 
June  23-26,  1930. 

4.  Smith,  J.  M. ,  Wang,  S.  Y.,  and  Morgan,  J.  L.,  "High 
B-Field,  Large  Area  Ratio  MHD  Duct  Experiments",  1981 
IEEE  International  Conference  on  Plasma  Science,  Santa 
Fe,  New  Mexico,  May  18-20,  1981,  Paper  No.  1F6 . 

5.  Smith,  J.  M. ,  Morgan,  J.  L. ,  and  Wang,  £ .  Y.,  "Effects 
of  Vacuum  Exhaust  Pressure  on  the  Performance  of  MHD 
Ducts  at  High  B-Field",  20th  Aerospace  Sciences 
Meeting,  Orlando,  Florida,  January  11-14,  1982. 

Louis,  J.  F. ,  "The  MHD  Disk  Generator  as  a  Multimegawatt 
Power  Supply  Operating  with  Chemical  and  Nuclear  Sources" 

1.  Louis,  J.  F.,  "Disk  Generator",  AIAA  J.,  Vol.  VI, 
p.  1674-1673,  September  19 69.  Proceedings  of  the 
IEEE,  Vol  56,  p.  1432-1437,  September  1968. 

2.  Louis,  J.  J.,  "The  Disk  Generator,  Its  Status  and  Its 
Potential",  Presented  at  the  Specialists  Meeting  on 
Coal  Fired  MHD  Power  Generation,  Sydney  Australia, 
November  4-6,  1981. 

3.  Retallick,  F.  D. ,  "Disk  MHD  Generator  Studies",  DOE/ 
NASA/0139-1,  October,  1980. 

4.  Klepeis,  J.  E.,  and  Louis,  J.  F.,  "The  Disk  Generator 
Applied  to  Open  Cycle  Power  Generation",  Proceedings 
of  the  Fifth  International  Conference  on  MHD  Electri¬ 
cal  Power  Generation.  Vol.  I,  pp.  649-661,  Munich, 
April  1971. 

5.  Klepeis,  J.  E.,  Cole,  J.,  Hruby  V.  and  Louis,  J.  F., 
"The  Disk  Geometry  Applied  to  Open  Cycle  MHD  Power 
Generation",  The  Sixth  International  MHD  Conference, 
Washington,  D.  C.,  June  1975. 


49 


\ 


6.  Loubsky,  W.  J.,  Hruby,  F.  J. ,  Louis,  J.  F., 
"Detailed  Studies  in  a  Disk  Generator  with  Inlet 
Swirl  Driven  by  Argon",  Proceedings  of  the  15th 
Symposium  on  Engineering  Aspect  of  Magnetohydro¬ 
dynamics  held  at  the  University  of  Pennsylvania, 

May  24-26,  1976. 

7.  Shamma,  S.  E.,  Martinez-Sanchez ,  M. ,  Louis,  J.  F. , 
"Ohm's  Law  for  Plasmas  with  Non-Isentropic 
Inhomogeneities  and  Its  Effects  on  the  Performance 
of  MHD  Generators”,  Proceedings  of  the  16th  Sympo¬ 
sium  on  Engineering  Aspects  of  Magnetohydrodyna¬ 
mics  held  at  the  University  of  Pittsburgh,  Pitts¬ 
burgh,  PA,  May  16-18,  1977. 

8.  Lytle,  J.  K.  and  Louis,  J.  F. ,  "The  Effects  of 
Anisotropic  Nonuniformities  in  a  Nonequilibrium 
MHD  Disk  Generator,  presented  at  the  19th  Sympo¬ 
sium  on  Engineering  Aspects  of  MHD,  Tullahoma,  TN, 
June  15-17,  1981. 

9.  Kniffin,  M.  A.,  Louis,  J.  F.,  Teare,  J.  D. , 
Performance  Prediction  of  a  Disk  MHD  Generator 
with  Chemical  Nonequilibrium,  AIAA  Conference, 
Orlando,  FL,  January  1982. 

10.  Daurio,  F.  H. ,  "Medium  Size  Nuclear  Power  Source 
for  Space  Propulsion  and  Applications",  Master  of 
Science  Thesis,  M.I.T.,  September  1970. 

11.  Rosen,  S.  G.,  "Design  and  Analysis  of  MHD  Aug¬ 
mented  Fast  Reactor  Nuclear  Rocket  Engine", 

Master  of  Science  Thesis,  M.I.T.,  September  1970. 

12.  Rosa,  R. ,  and  Louis,  J. ,  "Position  Paper  on  Closed 
Cycle  MHD  Power  Generation",  AERL,  1968. 

Maxwell,  C.  D. ,  Bangerter,  C.  D.  and  Demetriades,  S.  T. , 

"Self-Excited  MHD  Power  Source  for  Space  Applications" 

Massie,  L. ,  "Chemical  Sources:  Research  Needs" 

Jackson,  W. ,  "Critique  of  MHD  Power" 

Pierson,  E.  S.,  "Liquid-Metal  MHD  for  Space  Power  Systems" 

1.  Amend,  W.  E.,  Brunsvold,  A.,  Pierson,  E.  S., 

"Commercial  Liquid-Metal  MHD  Conversion  Systems 
Coupled  to  LMFBR  and  Coal-Fired  Fluidized  Bed 


50 


Combustors " ,  Sixth  International  Conference  on  MHD 
Electrical  Power  Generation,  Washington,  D.  C., 

June  1975. 

2.  Dunn,  P.  F. ,  "Measurement  and  Prediction  of  the 
Pressure  Difference  Through  a  Two-Phase  Liquid- 
Metal  MHD  Generator",  International  Journal  of 
Heat  and  Mass  Transfer,  23,  pp.  1686-1690,  1980. 

3.  Dunn,  P.  F. ,  Pierson,  E.  S.,  Staffron,  J.  D., 
Pollack,  I.,  and  Dauzvardis,  P.  V. ,  "High  Temper¬ 
ature  Liquid-Metal  MHD  Generator  Experiments", 
Proceedings  of  the  x8th  Symposium  on  Engrg.  Aspects 
of  MHD,  pp.  D-2 . 2 . 7-D-2 . 2 . 12 ,  Butte,  Montana,  1979. 

4.  Fabris,  G. ,  Dunn,  P.  F.,  Gawor,  J.,  and  Pierson, 

E.  S.,  "Local  Measurements  in  Two-Phase  Liquid- 
Metal  MHD",  in  MHD-Flows  and  Turbulence  II,  Pro¬ 
ceedings  of  the  Second  Bat-Sheva  Seminar,  Beer- 
Sheva,  Israel,  1978,  pp.  157-171. 

5.  Fabris,  G. ,  Pierson,  E.  S.,  Poliak,  I.,  Dauzvardis, 
P.  V. ,  and  Ellis,  W.,  "High-Power-Density  Liquid- 
Metal  MHD  Generator  Results",  Proceedings  of  the 
18th  Symposium  on  Engineering  Aspects  of  MHD,  pp. 
D-2 . 2 . 1-D. 2 . 2 . 6 ,  Butte,  Montana,  1979. 

6.  Pierson,  E.  S.,  "New  Liquid-Metal  MHD  Concepts 
for  Solar  and  Coal",  Proceedings  of  the  American 
Power  Conference,  42,  Chicago,  April  1980,  pp. 
379-385. 

7.  Pierson,  E.  S.,  Branover,  H.,  Fabris,  G. ,  and 
Reed,  C.  B.,  "Solar  Powered  Liquid-Metal  MHD  Power 
Systems",  ASME  Paper  79-WA/Sol-22  presented  at  the 
1979  American  Society  of  Mechanical  Engineers 
Winter  Annual  Meeting,  New  York,  Dec.  1979,  or 
Mechanical  Engineering,  102,  No  ,  10,  pp.  32-37, 
1980. 

8.  Pierson,  E.  S.,  Cohen,  D.,  and  Grammel,  S.  J., 
"Liquid-Metal  MHD  for  Solar  and  Coal",  Proceedings 
of  the  Seventh  International  Conference  on  MHD 
Electrical  Power  Generation,  Boston,  Mass.,  June 
1980. 

9.  Pierson,  E.  S.,  Grammel,  S.  J.,  Cohen,  D. ,  and 
Frisardi,  T.,  "Liquid-Metal  MHD  for  Solar  and  Coal: 
System  and  Component  Status",  Proceedings  of  the 


51 


15th  Intersociety  Energy  Conversion  Engineering 
Conference,  Seattle,  WA,  August  1980,  pp.  505-510. 

10.  Pierson,  E.  S.,  and  Herman,  H.,  "Solar-Powered 
Liquid-M^tal  MHD  Performance  and  Cost  Studies", 
Third  Beer-Sheva  Seminar  on  MHD-Flows  and  Turbu¬ 
lence,  Beer-Sheva,  Israel,  1981. 

11.  Pierson,  E.  S.,  Herman,  H.,  and  Petrick,  M. , 
"Conceptual  Design  of  a  Coal-Fired  Retrofit  Liquid 
Metal  MHD  Power  System",  Third  Beer-Sheva  Seminar 
on  MHD-Flows  and  Turbulence,  Beer-Sheva,  Israel, 
1981. 

12.  Pierson,  E.  S.,  Herman,  H.,  Petrick,  M. ,  Grammel, 
S.  J.,  and  Dubey ,  G.,  "Retrofit  of  Coal-Fired 
Open-Cycle  Liquid-Metal  MHD  to  Steam  Power  Plants" 
Proceedings  of  the  16th  Intersociety  Energy  Con¬ 
version  Engineering  Conference,  Atlanta,  GA, 

August  1981,  pp.  1525-1530. 

Goswami,  A.,  Graves,  R. ,  and  Spight,  C. ,  "Solar  MHD 
System  with  Two-Phase  Flow  with  'Magnetic'  Liquid  Metal" 

1.  Branover,  H.,  Mestel,  A.  J.,  Moore,  D.  J.,  and 
Shercliff,  J.  a.,  J.  Fluid  Mech. ,  112,  407,  1981, 
E.  Pierson,  See  Proc.  of  this  conference. 

2.  Charles,  S.  W.  and  Popplewell,  J.,  IEEE  Trans,  on 
Magnetics,  Mag  16,  172,  1980. 

3.  Miksis,  M.  J.,  Phys.  Fluids  24^,  1229,  1981. 

4.  Rosenweig,  R.  E.,  Science,  204 ,  57,  1979. 

5.  Yokhot,  A.  and  Branover,  H.,  19th  Symposium  Engi¬ 
neering  Aspects  of  MHD,  UTSI,  June  1981,  p.  7.6.1. 

Swallom,  D. ,  "Magnetohydrodynamic  Power  Supply  Systems 
for  Space  Applications" 

1.  Sonju,  O.K.  and  Teno,  J. ,  "Study  of  High  Power, 

High  Performance  Portable  MHD  Generator  Power 
Supply  Systems",  AFAPL-TR-76-87 ,  AD  #AO40381, 
August  1976. 

2.  Sonju,  0.  K.,  Teno,  J. ,  Kessler,  R. ,  Lantai,  L., 
and  Meader,  D.  E.,  "Status  Report  on  the  Design 
Study  Analysis  and  the  Design  of  a  10  MW  Compact 


MHD  Generator  System",  \TlAPL-TR-74 ,  -47  Part  II, 

June  1974. 

3.  Swallom,  D.  W. ,  Sonju,  O.K.,  Meader,  D.  E.,  and 
Heskey,  G.  T.,  "MHD  Lightweight  Channel  Develop¬ 
ment",  AFAPL-TR-78-41 ,  June  1978. 

4.  Swallom,  D.  W. ,  Sonju,  0.  K.,  Meader,  D.  E.,  and 
Becker,  H.,  "High  Power  Magnetohydrodynamic  System", 
AFAPL-TR- "78-51,  July  1978  . 

5.  Sonju,  O.  K.,  Teno,  J. ,  Lothrop,  J.  W.,  and  Petty, 

S.  W.,  "Experimental  Research  on  a  400  KW  High 
Power  Density  MHD  Generator",  AFAPL-TR-71-5 ,  May 
1971. 

6.  Sonju,  0.  K. ,  Swallom,  D.  W.,  Meader,  D.  E., 

Becker,  H. ,  Burry,  R.  V.  ,  Huebner,  A.  W.  ,  and 
Cooper,  R.  F.,  "Development  of  a  Compact,  Light¬ 
weight  High  Performance  30  MW  MHD  Generator  System", 
Proceedings  of  the  17th  Symposium  on  Engineering 
Aspects  of  Magnetohydrodynamics ,  Stanford  Univer¬ 
sity,  March  1978. 

7.  Eckels,  R.  E. ,  Holt,  J.  F. ,  and  Swallom,  D.  W. , 
"High  Energy  Fuel  Techniques  for  Combustion  Driven 
MHD  Generators",  AIAA  Terrestial  Energy  Systems 
Conference,  No.  79-1004,  June  1979. 

8.  Burry,  R.  V.,  Huebner,  A.  W. ,  Swallom,  D.  W. , 

Sonju,  O.  K. ,  and  Cooper,  R.  F. ,  "Liquid  Reactant 
Magnetohydrodynamic  Gas  Generator",  Proceedings 
of  the  15th  JANNAF  Combustion  Meeting,  Publica¬ 
tion  297,  August  1979. 

9.  Swallom,  D.  W. ,  Sonju,  0.  K.,  Burry,  R.  V.  ,  and 
Cooper,  R.  F. ,  "High  Power  MHD  System  Combustor 
Development  Testing",  Journal  of  Energy,  Vol.  4, 

No.  3,  pp.  100-105,  May-June  1980. 

10.  Sor..ju,  O.  K.  and  Swallom,  D.  W.  ,  "Advanced  High 
Power,  Lightweight  MHD  Generator  Systems  for 
Aerospace  Applications",  No.  77-514,  AIAA  Confer¬ 
ence  on  the  Future  of  Aerospace  Power  Systems,  St. 
Louis,  MO,  March  1977. 

11.  Sonju,  0.  K.,  Meader,  D.  E.,  Swallom,  D.  W. ,  Heskey, 
G.  T.  ,  Cooper,  R.  F. ,  Holt,  J.  J.,  and  Rabe,  D.C. , 
Design,  Construction,  and  Testing  of  a  Compact, 


53 


Lightweight,  Combustion  Driven  MHD  Generator 
Channel  and  Diffuser",  Proceedings  of  the  16th 
Symposium  on  Engineering  Aspects  of  Magnetohydro¬ 
dynamics  ,  Pittsburgh,  PA,  May  1977. 

Seikel,  G.  R.  and  Zauderer,  B. ,  "Potential  Role  and 
Technology  Status  of  Closed-Cycle  MHD  for  Lightweight 
Nuclear  Space-Power  Systems" 

1.  Seikel,  G.  R.,  and  Nichols,  L.  D.,  "Potential  of 
Nuclear  MHD  Electric  Power  Systems",  Journal  of 
Spacecraft  and  Rockets,  Vol.  9,  No.  5,  May  1972, 
pp.  322-326. 

2.  Anon.,  "Evaluation  of  Technical  Feasibility  of 
Closed  Cycle  Nonequilibrium  MHD  Power  Generation 
with  Direct  Coal  Firing",  General  Electric  Company, 
Final  Report-Task  1  under  United  States  Dept,  of 
Energy  Contract  No.  DE-AC01-78-ET10818 ,  November 
1981. 

3.  Mattick,  A.  T.  and  Hertzberg,  A.,  "Liquid  Droplet 
Radiators  for  Heat  Rejection  in  Space",  Journal  of 
Energy,  Vol.  5,  No.  6,  November-December  1981,  pp. 
387-393. 

4.  Retallick,  F.  D. ,  "Disk  MHD  Generator  Study",  DOE/ 
NASA/0139-1,  NASA  CR-159872,  October  1980. 

Koester,  J.  K.,  Kruger,  C.  H.,  and  Nakamura,  T. ,  "MHD 
Generator  Research  at  Stanford" 


1.  Self,  S.  A.,  "Diagnostic  Techniques  for  Combustion 
MHD  Systems",  AIAA  International  Meeting  &  Tech¬ 
nical  Display  "Global  Technology  200",  Paper  No. 
AIAA-80-0926 ,  Baltimore,  MD,  May  1980. 

2.  Rankin,  R.  R. , "Insulating  Wall  Boundary  Layer  in  a 
Faraday  MHD  Generator",  DOE  Report  No.  FE-2 341-7, 
April  1978,  HTGL  Report  No.  106. 

3.  Rankin,  R.  R.  ,  Self,  S.  A.,  &  Eustis,  R.  H.,  "A 
Study  of  the  Insulating  Wall  Boundary  Layer  in  a 
Faraday  MHD  Generator",  AIAA  Journal,  Vol.  1£,  No. 
9,  September  1980,  pp.  1094-1100. 

4.  James,  R.  K.,  "Joule  Heating  Effects  in  the  Elec¬ 
trode  Wall  ‘Boundary  Layers  of  MHD  Generators", 

HTGL  Report  No.  115,  Stanford  University,  January 
1980. 


5.  James,  R.  K.  and  Kruger,  C.  H.,  "Plasma  Measurements 
of  Joule  Heating  Effects  in  the  Near  Electrode 
Region  of  an  Open  Cycle  MHD  Generator",  18th  Sympo¬ 
sium  on  Engineering  Aspects  of  MHD,  June  1979,  Butte, 
Montana. 

6.  Barton,  J.  P.,  Koester,  J.  K. ,  and  Mitchner,  M. , 
"Probe-tube  Microphone  for  Pressure-Fluctuation 
Measurements  in  Harsh  Environments",  J.  Acoust. 

Soc.  Am.,  62_,  5  (1977),  1312-1314  . 

7.  Barton,  J.  P.,  Koester,  J.  K.,  and  Mitchner,  M. , 
"Fluctuations  in  Combustion  MHD  Generator  Systems", 
18th  Symposium  on  Engineering  Aspects  of  MHD,  June 
1979,  Butte,  Montana. 

8.  Simons,  T.  D. ,  Eustis,  R.  H. ,  and  Mitchner,  M. , 
"Effects  of  Magnetic  Ineraction  on  Acoustic  Waves 
in  a  Combustion  MHD  Generator",  19th  Symposium 
Engineering  Aspects  of  MHD,  June  1981,  Tullahoma, 
Tennessee . 

9.  Unkel,  W.  C. ,  "Axial  Field  Limitations  in  MHD  Gener¬ 
ators",  DOE  Report  No.  FE-2341-8,  April  1978,  HTGL 
Report  No.  107. 

10.  Unkel,  W. ,  Kruger,  C.  H.,  and  Koester,  J.  K.,  "Axial 
Field  Limitations  in  MHD  Generators",  Sixth  Inter¬ 
national  Conference  on  Magnetohydrodynamic  Electri¬ 
cal  Power  Generation,  June  1975. 

11.  Hermina,  W.  and  Kruger,  C.  H. ,  "Plasma  and  Insulator 
Initiated  Hall  Field  Breakdown",  19th  Symposium  on 
Engineering  Aspects  of  MHD,  June  1981,  Tullahoma, 
Tennessee . 

12.  Koester,  J.  K.  and  Perkins,  R.  A.,  "Discharge  and 
Corrosion  Characteristics  of  Slagging  Metal  Elec¬ 
trodes  for  MHD  Power  Generators",  J.  Materials  for 
Energy  Systems,  1,  2  , September,  1979,  41-54. 

13.  Nelson,  R.  M.  and  Koester,  J.  K.,  "Diffuse  Mode  Cur¬ 
rent  Transport  in  a  Slagging  MHD  Generator",  Seventh 
International  Conference  on  MHD  Electrical  Power 
Generation,  Cambridge,  MA,  June  1980. 

14.  Koester,  J.  K.,  "Advances  in  Coal  Fired  MHD  Gener¬ 
ator  Research" ,  16th  Intersociety  Energy  Conversion 
Engineering  Conference,  Atlanta,  GA,  August  1981. 


55 


15.  Nelson,  R.  M. ,  Koester,  J.  K. ,  "Electrical  Effects  of 
Coal  Slag  in  a  Diffuse  Mode  MHD  Generator", 
AIAA-81-0176 ,  AIAA  19th  Aerospace  Sciences  Meeting, 
January  1981. 

16.  Nakamura,  T.  ,  Lear,  W.  E.  and  Eustis,  R.  H.  , 
"Feasibility  of  the  Inflow  Disk  Generator  for 
Open-Cycle  MHD  Power  Generation",  AIAA-81-0250 ,  AIAA 
19th  Aerospace  Science  Meeting,  January  1981. 

17.  Roseman ,  D.,  Nakamura ,  T.  and  Eustis,  R.  H. ,  "Current 
Distribution  and  Nonuniformities  in  MHD  Disk 
Generators",  19th  Symposium  on  Engineering  Aspects  of 
MHD,  June  1981,  Tullahoma,  Tennessee. 


IV.  NUCLEAR  SOURCES 

Buden,  D. ,  "Overview  of  Space  Reactors" 

Fraas,  A.,  "Technological  Boundary  Conditions  for  Nuclear 
Electric  Space  Power  Plants" 

1.  Fraas,  A.  P. ,  Reactors  for  Space,  Proceedings  of  the 
Society  for  Engineering  Science  Meeting,  Huntsville, 
Alabama,  November  1967,  pp.  5-22. 

2.  Fraas,  A.  P. ,  "Fission  Reactors  as  a  Source  of 
Electrical  Power  in  Space" ,  Proceedings  of  Second 
Symposium  on  Advanced  Propulsion  Concepts,  Vol.  Ill, 
Avco-Everett  Research  Laboratory,  Oct.  7-8,  1959. 

3.  Wilson,  R.  F. ,  "SNAP  10A,  A  Status  Report",  pp. 
581-593,  Space  Power  Systems  Engineering,  AIAA 
Progress  in  Astronautics  and  Aeronautics,  Vol.  16, 
Academic  Press,  New  York,  1966. 

4.  Breitwieser,  R.  and  Schwartz,  H. ,  Thermionics,  pp. 
239-252,  Proceedings  of  the  Space  Power  Systems 
Advanced  Technology  Conference,  NASA  Lewis  Research 
Center,  Cleveland,  Ohio,  August  23-24,  1966. 

5.  Emmet,  W.  L.  R. ,  "The  Emmet  Mercury-Vapor  Process", 
Trans,  ASME  46,  253,  1924. 

6.  Wallerstedt ,  R.  L,  et  al. ,  Final  Summary  Report  -  SNAP 
2 /Mercury  Rankine  Program  Review,  Vol.  1, 

NAA-SR-12181 ,  Atomics  International  Div. ,  Rockwell 
International,  June  15,  1967. 


56 


7.  Derow,  H "Tantalum  as  a  Mercury  Containment  Material, 
in  Mercury  Rankine  Cycle  System  Boilers,  and  SNAP-8 
Power  Conversion  System,  Breadboard  Assembly  -  Mate¬ 
rials  Evaluation  after  8700  hr  Operation,  Energy  70", 
Proceedings  of  the  1970  Intersociety  Energy  Conver¬ 
sion  Engineering  Conference,  Vol.  1,  pp.  11-18  to 

11- 27. 

8.  Pummer,  W.  J. ,  The  Kinetics  and  Mechanism  of  the 
Pyrolytic  Decomposition  of  Aromatic  Heat  Transfer 
Fluids ,  Final  Report  NBS  Project  No.  3110541,  National 
Bureau  of  Standards,  April  1970. 

9 .  DeVan ,  J .  H . ,  Compatibility  of  Structural  Materials 
with  Boiling  Potassium,  Oak  Ridge  National  Laboratory 
Report  No.  ORNL/TM-1361 ,  April  1966. 

10.  Harms,  W.  0.  and  Litman,  A.  P.,  "Compatibility  cf 
Materials  for  Advanced  Space  Nuclear  Power  Systems", 
paper  presented  at  the  ASME  Annual  Meeting,  November 

12- 17,  1967. 

11.  Jansen,  D.  H.,  and  Klueh,  R.  L.,  Effects  of  Liquid 
and  Vapor  Cesium  on  Structural  Materials,  USAEC 
Report  ORNL/TM-1813,  Oak  Ridge  National  Laboratory, 
June  1967  (AEC  Interagency  Agreement  40-98-66,  NASA 
Order  W-12,  353). 

12.  'torrosion  Studies  of  Refractory  Metal  Alloys  in  Boil¬ 
ing  Potassium  and  Liquid  NaK",  Proceedings  of  AEC-NASA 
Liquid  Metals  Information  Meeting,  CONF-650411,  April 
1965. 

13.  Dean,  K.  C. ,  et  al., "Cesium  Extractive  Metallurgy; 

Ore  to  Metal','  Journal  of  Metals,  November  1966. 

14.  Heindl,  "Cesium,  Mineral  Facts  and  Problems",  U.  S. 
Bureau  of  Mines,  Bulletin  650,  1970,  p.  650. 

15.  Young,  H.  C.  and  Grindell,  A.  G. ,  Summary  of  Design 
and  Test  Experience  with  Cesium  and  Potassium  Compo¬ 
nents  and  Systems  for  Space  Power  Plants  ,  USAEC 
Report  ORNL/TM-1833 ,  Oak  Ridge  National Laboratory , 
June  1967. 

16.  Weatherford,  W.  D.,  et  al..  Properties  of  Inorganic 
Energy-Conversion  and  Heat-Transfer  Fluids  for  Space 
Applications  ,  WADD  Technical  Report  61-96,  November 

lfen  - 


57 


17.  Ewing,  C.  T.,  et  al.,  High-Temperature  Properties  of 
Potassium,  NRL  Report  6233,  September  1965. 

18.  Ewing,  C.  T.,  et  al.,  High-Temperature  Properties  of 
Cesium,  NRL  Report  6246,  September  1965. 

19.  Hoffman,  H.  W.  and  Krakoviak,  A.  I.,  "Forced  Convec¬ 
tion  Saturation  Boiling  of  Potassium  at  Near  Atmos¬ 
pheric  Pressure",  Proceedings  of  the  1962  High  Tem¬ 
perature  Liquid  Metal  Heat  Transfer  Technology 
Meeting,  pp.  182-203,  BNL-756. 

20.  MacPherson,  R.  E.,  "Techniques  for  Stabilizing  Liquid 
Metal  Pool  Boiling",  II-B/11,  Conference  Internationale 
Sur  La  Surete  des  Reacteurs  a  Neutrons  Rapides, 
September  22,  1967. 

21.  Peterson,  J.  R. ,  High  Performance  Once-Through  Boil¬ 
ing  of  Potassium  in  Single  Tubes  at  Saturation 
Temperatures  of  1300  to  1750°  F,  NASA  CR-842,  Auqust 
1967. 

22.  Viresema,  B.,  "Aspects  of  Molten  Fluorides  as  Heat 
Transfer  Agents  for  Power  Generation",  Doctoral 
thesis,  Technische  Hogeschool  Delft,  February  1979. 

23.  Kemme,  J.  E.,  Heat  Pipe  Capability  Experiments,  Los 
Alamos  Scientific  Laboratory  Report  No.  LA-3585-MS, 
1966. 

24.  Stewart,  W.  L. ,  Analytical  Investigation  of  Multi¬ 
stage-Turbine  Efficiency  Characteristics  m  Terms  of 
Work  and  Speed  Requirements,  NACA-RM  E57K22b,  Lewis 
Flight  Propulsion  Laboratory,  February  1958. 

25.  Schnetzer,  Comparison  Study  of  Cesium  and  Potassium 
for  Rankine  Cycle  Space  Power  Systems,  TMS  Report  No. 
67-1,  General  Electric  Space  Power  and  Propulsion 
Section,  July  1966. 

26.  SNAP  50/SPUR  Program,  Nuclear  Mechanical  Power  Unit, 
Experimental  Research  Development  Program,  Final 
Report,  APS-5249,  AiResearch  Mfg.  Co.,  December  1966. 

27.  Davis,  J.  P.,  et  al.,  Lithium-Boiling  Potassium 
Refractory  Metal  Loop  Facility,  Jet  Propulsion Lab- 
oratory.  Technical  Report  No.  32-508,  August  1963. 


58 


28.  Spies,  R.  and  Cooke,  A.  H.,  "Investigation  of  Variables 
in  Turbine  Erosion",  paper  presented  at  ASTM  69th 
Meeting,  June  1966. 

29.  Fraas,  A.  P.,  Burton,  D.  W. ,  and  Wilson,  L.  V.,  Design 
Comparison  of  Cesium  and  Potassium  Vapor  Turbine- 
Generator  Units  for  Space  Power  Units,  ORNL/TM-2024,1969. 

30.  Young,  H.  C. ,  et  al.,  Survey  of  Information  on  Tur¬ 
bine  Bucket  Erosion,  ORNL/TM-2088 ,  July  1968. 

31.  Varljen,  T.  C.  and  Glassmire,  C.  M. ,  Estimation  of 
Moisture  Formation  and  Deposition  and  of  the  Thresh¬ 
old  for  Turbine  Bucket  Erosion  in  Potassium  and  Cesium 
Vapo r  Turb ine s ,  WANL-PR(CCC) -003,  Westinghouse 
Astronuclear  Laboratory,  December  1977. 

32.  Zimmerman,  W.  R. ,  Two-Stage  Potassium  Turbine:  IV- 
Materials  Support  of  Performance  and  Endurance  Tests, 
NASA  CR-925 ,  February  1968. 

33.  Schnetzer,  E.  and  Kaplan,  G.  M. ,  "Erosion  Testing  of 
a  Three-Stage  Potassium  Turbine",  ASME  Preprint  70- 
AV/SPT-37 ,  June  1970. 

34.  Fraas,  A.  P.,  "Design  and  Development  Tests  of  Direct- 
Condensing  Potassium  Radiators",  pp.  716-736,  in  AIAA 
Specialists  Conference  on  Rankine  Space  Power  Systems, 
Vol .  1,  USAEC  Report  CONF-6 51026 ,  October  1965. 

35.  Fraas,  A.  P.,  Operational,  Maintenance  and  Environ¬ 
mental  Problems  i.ssociated  with  a  Fossil  Fuel-Fired 
Potassium-Steam  Binary  Vapor  Cycle,  QRNL/NSF/EP-30 , 
August  1974. 

36.  SNAP- 5 0/SPUR  .f^nal  Summary  Report,  Pratt  and  Whitney 
Aircraft  Report  No.  M-3679,  November  1965. 

37.  Chalfant, A,  Preliminary  Design  of  a  10  MWe  Nuclear 

Space  Power  Plant  for  Electric  Propulsion,  Pratt  and 
Whitney  Aircraft  Corp.  Report  No.  PWAC-496 ,  November 
1965. 


38.  Freedman,  S.  I.,  "Study  of  Nuclear  Brayton  Cycle 
Power  System",  NASA  Study  made  by  General  Electric 
Missile  and  Space  Division,  G.E.  65SD4251,  NASA  CR- 
54397,  August  5,  1965. 


I 

I 


39.  Fraas,  A.  P.,  Summary  of  the  KPRE  Design  and  Develop¬ 
ment  Program,  ORNL-4043,  June  22,  1967. 

40.  Yarcsh,  M.  N.  and  Gnadt,  P.  A.,  The  Intermediate 
Potassium  System  -  A  Rankine  Cycle,  Potassium  Test 
Facility,  ORNL-4025,  October  1968. 

41.  Fraas,  A.  P.,  Estimating  the  Reliability  of  Systems, 
ORNL/TM-2200,  May  1968. 

42.  Fraas,  A.  P.  and  Michel,  J.  W. ,  Comparison  of  1-,  2-, 
and  3-Loop  Systems  for  Nuclear  Turbine-Generator 
Space  Power  Plants  of  300  kW  to  5  MW  of  Electrical 
Output,  ORNL/TM-1366  ,  March  1$6  6~. 

43.  Engel,  W.  W. ,  Jr.,  et..  Optimization  of  a  Shield  for 
a  Heat-Pipe-Cooled  Fast  Reactor  Designed  as  a  Nuclear 
Electric  Space  Power  Plant,  ORNL/TM-3449 ,  June  1971. 

Fitzpatrick,  G.  O.  and  Britt,  E.  J.,  "Effects  of  Reactor 
Design,  Component  Characteristics  and  Operating  Temperatures 
on  Direct  Conversion  Power  Systems" 

1.  Buden,  D. ,  et  al.,  "Selection  of  Power  Plant  Elements 
for  Future  Reactor  Space  Electric  Power  Systems",  Los 
Alamos  Scientific  Laboratory,  New  Mexico,  LA7858, 

1979. 

2.  Chubb,  T. ,  Storhok,  V.  W. ,  and  Keller,  D.  L. ,  "Factors 
Affecting  the  Swelling  of  Nuclear  Fuels  at  High  Tem¬ 
peratures",  Nuclear  Technology,  Vol .  18,  June  1973. 

3.  Cohen,  M. ,  Fornoles,  F.,  and  Mahefkey,  T.,  "Require¬ 
ments  and  Technology  Trends  for  Future  Military 
Space  Power  Systems",  Proc.  of  16th  Intersociety 
Energy  Conversion  Engineering  Conference,  Atlanta, 

GA,  August  9-14,  1981. 

4.  Cooper,  K.  C.,  and  Palmer,  R.  G. ,  "System  Tradeoffs 
in  Space  Reactor  Design",  Proc.  of  the  15th  Inter¬ 
society  Energy  Conversion  Engineering  Conference, 
Seattle,  WA,  August  1980,  Vol,  1,  p.  738-743. 

5.  "Development  of  a  Thermionic  Reactor  Space  Power 
System",  Gulf  General  Atomic  Company,  Gulf-GA- 
Ai26Q8,  San  Diego,  CA,  June  1973. 

6.  Gietzen,  A.  M. ,  "100  kWe  Thermionic  Power  System  for 
Space  Base  Application",  presented  at  the  1970  Ther¬ 
mionic  Conversion  Specialist  Conf.,  October  1970, 
Miami,  FL. 


60 


7.  Homeyer,  W.  G.,  Heath,  C.  A.,  and  Gietzen,  A.  j., 
"Thermionic  Reactors  for  Electric  Propulsion — 

Parametric  Studies",  Proceedings  of  Second  International 
Conference  on  Thermionic  Electrical  Power  Generation, 
Stresa ,  Italy,  May  1968,  p.  201-219 . 

8.  Kuznetsov,  V.  A.,  "Operation  of  Thermionic  Reactor- 
Converters  TOPAZ-1  and  TOPAZ-2",  Proceedings  of  the  Third 
International  Conference  on  Thermionic  Elect.  Power 
Generation,  Julich,  Germany,  June  1972,  Vol.  1, 

p.  365. 

9.  Kuznetsov,  V.  A.,  et  al,  "Power  Tests  of  the  TOPAZ-3 
Thermionic  Reactor",  Proceedings  of  the  1975  Thermionic 
Conversion  Spec.  Meeting,  Eindhoven,  Netherlands, 
September  1975,  p.  137. 

10.  Manda,  M.  L. ,  Britt,  E.  J.  and  Fitzpatrick,  G.  O. , 

"Power  Coupling  Alternatives  for  the  NEP  Thermionic 
Power  System",  Final  Report  JPL  Contract  955121, 

NSR  7-1,  December  1978. 

11.  Millionshchikov,  M.  D. ,  et  al,  "High  Temperature 
Direct  Conversion  Reactor  Romashka",  A/Conf . ,  Third 
United  Nations  International  Conference  on  Peaceful 
Uses  of  Atomic  Energy,  Geneva,  Switzerland,  May 
1965,  28/p/873. 

12.  "Thermionic  Converter  and  Fuel  Element  Testing  Sum¬ 
maries  at  Gulf  General  Atomic  Company",  GULF-GA-C12345 , 
October  1972,  San  Diego,  CA. 

Parker,  G.  H.,  "Gas  Cooled  Reactors  for  Large  Space  Power 
Needs" 

Eisner,  N.  B. ,  "Near  Term  and  Future  Nuclear  Power  Conver¬ 
sion  Systems  for  Space" 

Powell,  J. ,  and  Botts,  T./Myrabo,  L. ,  "Compact  High-Power 
Nuclear  Reactor  Systems  Based  on  Small  Diameter  Particulate 
Fuels";  "Closed-Cycle  FBR/Turbogenerator  Space  Power  System 
Concept  with  Integrated  Electric  Thrusters  for  Orbital 
Transport" 

Lee,  J.  H.,  Jr.,  "Safety  Issues  for  Space  Nuclear  Power" 

1.  Bennett,  G.  L.,  "Overview  of  the  US  Flight  Safety 

Process  for  Space  Nuclear  Reactors",  Nuclear  Safety, 

Vol.  22,  No.  4,  July-August  1981. 


61 


2.  Solomon,  K.  A.,  Some  Implications  of  the  Three  Mile 
Island  Accident  for  LMFBR  Safety  and  Licensing:  The 
Design  Basis  Issue,  N-15 59-DOE,  The  Rand  Corporation, 
August  1980. 

3.  Buden,  D.,  The  Acceptability  of  Reactors  in  Space, 
LA-8724-MS,  Los  Alamos  National  Labs,  April  1981. 

4.  Private  communication  with  Dr.  Will  Ranken,  Los 
Alamos  National  Labs,  10  February  1982. 

El-Genk,  M.  and  Woodall,  D.,  "Areas  for  Research  Emphasis 
in  Design  of  the  Space  Power  Advanced  Reactor" 

1.  Buden,  D.,  et  al..  Selection  of  Power  Plant  Elements 
For  Future  Reactor  Space  Electric  Power  System,  LA- 
7853,  September,  1979. 

2.  Buden,  D. ,  The  Acceptability  of  Reactors  in  Space, 

LA- 8 72 4 -MS ,  April  1981. 

3.  Ranken,  W.  A.,  Experimental  Results  for  Space  Nuclear 
Power  Plant  Design,  LA-UR80-1093,  August  1980. 

4.  Cooper,  K.  C.,  and  Palmer,  R.  G.,  "System  Tradeoffs 
in  Space  Reactor  Design",  15th  Intersociety  Energy 
Conversion  Engineering  Conference,  Seattle,  WA, 

August  18-22,  1980. 

5.  Gietzen,  A.  J.,  et  al.,  A  40  kWe  Thermionic  Power 
System  for  a  Manned  Space  Laboratory,  Gulf-GA-3 0535 , 
July  1971. 

6.  Stickley,  C.  M. ,  et  al..  Cyclone:  Applications 
Of  Rotating  Bed  Reactor  Power  Source,  1981  AIR 
University  Airpower  Symposium,  Air  War  College, 

Maxwell  Air  Force  Base,  Alabama,  February  23-25,  1981. 

7.  Heller,  J.  A.,  et  al..  Study  of  300-kilowatt  Rankine- 
Cycle  Advanced  Nuclear-Electric  Space-Power  System, 
NASA  TM  X-1919 ,  November  1979. 

8.  Bartholemew,  R.  J.,  Failure  Mode  Analysis  Using  State 
Variables  Derived  from  Fault  Tree  with  Application, 
International  ANS/ENS  Topical  Meeting  on  Probabilistic 
Risk  Assessment,  Port  Chester,  N.  Y.,  September  20-24, 
1981. 

9.  Buden,  D.  personal  communication,  LANL ,  November  1981. 


62 


j. 


I 

i 


Jones,  0.  C.  ,  Jr.,  "Research  Needs  for  Particulate  Bed 
Nuclear  Reactor  Space  Power  Systems" 

Ranken,  W.  A.,  "Selected  Research  Needs  for  Space  Reactor 
Power  Systems" 

Bartine,  D.  E.  and  Engle,  W.  W.,  Jr.,  "Shielding  Consider¬ 
ations  for  Space  Power  Reactors" 


V.  POWER  CONVERSION 

Parker,  G.  H.,  "Brayton  Cycle  Power  Conversion  for  Space" 

Peterson,  J.,  "Rankine  Cycle  Power  Conversion  Overview" 

1.  Heller,  J.  A.,  Moss,  T.  A.  and  Barns,  S.  J. ,  "Study 
of  a  300  KW  Advanced  Nuclear-Electric  Power  System", 

Proceedingseof  the  Fourth  Intersociety  Energy  Con¬ 
version  Engineering  Conference,  The  Science  Press, 

Ephrata,  PA. 

2.  Slone,  H.  O.  and  Shure,  L.  I.,  "Nuclear  Power  for 
Manned  Orbiting  Space  Stations",  NASA  TM  X-52774, 
presented  at  the  Conference  on  Aerospace  Nuclear 
Applications,  Huntsville,  AL,  April  28-30,  1970. 

3.  English,  R.  E.,  "Technology  for  Nuclear  Dynamic 
Space  Power  Systems",  ANS  Conference  on  Aerospace 
Nuclear  Applications,  April  1970,  to  be  presented. 

4.  Manson,  S.  V.,  "A  Review  of  the  Alkali  Metal  Rankine 
Technology  Program",  1968  Intersociety  Energy  Con¬ 
version  Engineering  Conference,  University  of 
Colorado,  August  13-17,  1968. 

5.  Krasner,  M.  H.,  Davison,  H.  W.  and  Diaguilla,  A.  J., 

"Conceptual  Design  of  a  Compact  Fast  Reactor  for 
Space  Power",  American  Nuclear  Society  Annual  Meet¬ 
ing,  June  13-17,  1971,  Boston,  MA. 

6.  Moss,  T.  A.,  Davies,  R.  L.  and  Moorhead,  P.  E., 

"Material  Requirements  for  Dynamic  Nuclear  Space 
Power  Systems",  paper  presented  at  Winter  Meeting 
of  the  ASME,  Pittsburgh,  PA,  November  12-17,  1967, 

NASA  TMX-52 344 ,  1967. 

7.  Moss,  T.  A.,  "Materials  Technology  Presently  Avail¬ 
able  for  Advanced  Rankine  Systems",  Nuclear  k 

Applications,  Volume  3,  February,  196? . 

i 

63  ! 


8.  Hoffman,  E.  E.  and  Holowach,  J.,  "Cb-lZr  Rankine 
System  Corrosion  Test  Loop",  Contract  NAS3-2547, 
Topical  Report  No.  7:  General  Electric  Report 
R67SD-3016. 

9.  Harrison,  R.  W.  and  Smith,  J.  P.,  "Advanced  Refrac¬ 
tory  Alloy  Loop  Program",  Quarterly  Progress  Report 
21,  GESP-546 ,  General  Electric  Co.,  Cincinnati,  OH, 
August  12,  1970,  Contract  NAS3-6474. 

10.  Harrison,  R.  W. ,  Hoffman,  E.  E.  and  Davies,  R.  L, 
'Recent  Materials  Compatibility  Studies  in  Refrac¬ 
tory  Metal-Alkali  Metal  Systems  for  Space  Power 
Applications",  Fifth  Intersociety  Energy  Conversion 
Engineering  Conference ,  Las  Vegas,  NV,  September 
21-25,  1970. 

11.  Bond,  J.  A.  and  Converse,  G.  L,  "Vaporization  of 
High-Temperature  Potassi-m  in  Forced  Convection  at 
Temperatures  from  1800°  l  to  2100°  F",  NASA-CR-843, 
Contract  NAS3-2528,  July  1967. 

12.  Peterson,  J.  R. ,  "High  Performance  'Once-Through' 
Boiling  of  Potassium  in  Single  Tubes  at  Vapor  Temper¬ 
atures  from  1500°  F  to  1750°  F" ,  NASA-CR-842,  Con¬ 
tract  NAS3-2528,  August  1967. 

13.  Sawochka,  S.  G. ,  "Thermal  and  Hydraulic  Performance 
of  Potassium  During  Condensation  Inside  Single  Tubes", 
NASA-CR- 851,  Contract  NAS3-2528,  1967. 

14.  Gutstein,  M.  U.,  Converse,  G.  L.  and  Peterson,  J.  R. , 
"Augmentation  of  Single-Phase  Heat  Transfer  in  Tubes 
by  Use  of  Helical  Vane  Inserts",  Fourth  International 
Heat  Transfer  Conference,  Versailles,  France,  Septem¬ 
ber,  1970 ,  Elsevier, Publishing  Co. 

15.  Peterson,  J.  R. ,  Converse,  G.  L.  and  Gutstein,  M.  U. , 
"An  Experimental  Study  of  Pressure  Loss  and  Phase 
Distribution  for  Air-Water  Flow  in  a  Tube  Contain¬ 
ing  Swirl  Generators",  Fifth  Intersociety  Energy 
Conversion  Engineering  Conference,  Las  Vegas,  NV, 

1970. 

16.  Peterson,  J.  R. ,  Weltmann,  R.  N.,  and  Gutstein,  M.  U., 
"Thermal  Design  Procedures  for  Space  Rankine  Cycle 
System  Boilers",  Paper  presented  to  Intersociety 
Energy  Conversion  Engineering  Conference,  Boulder, 

CO,  August  13-16,  1968. 


64 


17.  Peterson,  J.  R. ,  "Computer  Program  for  the  Thermal 
Design  of  Two-Fluid  ' Qnce-Through 1  Potassium  Boiler", 
Nuclear  Systems  Programs,  MSD ,  General  Electric 
Company,  prepared  for  NASA  under  Contract  NAS3-9426, 
December,  1968. 

18.  Bond,  J.  A.,  "The  Design  of  Components  for  an 
Advanced  Rankine  Cycle  Test  Facility" ,  Fifth  Inter¬ 
society  Energy  Conversion  Engineering  Conference, 

Las  Vegas,  NV,  September  21-25,  1970. 

19.  Harrison,  R.  W.  and  Holowach,  J. ,  "Refractory 
Metal  Valve  for  1900°  F  Service  in  Alkali  Metal 
Systems",  General  Electric  Co.,  Cincinnati,  OH, 
GESP-508 ,  April,  1970. 

20.  Gutstein,  M.  U.  and  Bond,  J.  A.,  "Preliminary 
Results  of  Testing  a  Single-Tube  Potassium  Boiler 
for  the  Advanced  Rankine  System" ,  NASA  TMX-52996. 

21.  Gahan,  J.  W.  ,  Powell,  A.  H.,  Pileggi,  P.  T.,  and 
Thompson,  S.  R. ,  "Fabrication  and  Test  of  a  Space 
Power  Boiler  Feed  Electromagnetic  Pump.  Part  I  - 
Design  and  Manufacture  of  Pump",  NASA-CR  (to  be 
published) . 

22.  Gahan,  J.  W. ,  Pileggi,  P.  T.  and  Powell,  A.  H. , 
"Primary  Loop  Electromagnetic  Pump  Design",  NASA- 
CR-1571,  March  1970. 

23.  Powell,  A.  H.  and  Couch,  J.  P.,  "Boiler  Feed  EM 
Pump  for  a  Rankine  Cycle  Space  Power  System" ,  Fifth 
Intersociety  Energy  Conversion  Engineering  Conference, 
Las  Vegas,  NV,  September  21-25,  1970. 

24.  Wesling,  G.  C.,  "Three-Stage  Potassium  Turbine 
Performance  Test  Summary",  NASA-CR-1483 ,  Contract 
NAS3-10606 ,  December,  1969. 

25.  Schnetzer,  E.  and  Kaplan,  G.  M. ,  "Erosion  Testing 
of  a  Three-Stage  Potassium  Turbine",  ASME  paper 
70-Au/Sp  T-37 ,  presented  at  the  Space  Technology  and 
Heat  Transfer  Conference,  Los  Angeles ,  June  21-24, 

1970 

26.  Schnet2er,  E.  "Potassium  Turboalternator  Preliminary 
Design  Study,  Phase  II",  NASA-CR-1587 ,  Contract 
NAS3-109 33 ,  June  1970. 


65 


27.  Rackley,  R.  A.,  et  al.,  AiResearch  Mfg.  Co.  of 
Arizona, 'APS-5312-R,  1969. 

28.  Eckard,  S.  E.,  Rossbach,  R.  J.  and  Wesling,  G.  C, 

"Three  Stage  Potassium  Vapor  Turbine  Condensate 
Extraction  Test",  Contract  NAS3-12977,  April,  1971, 
NASA-CR  (to  be  issued) . 

2 9 .  Electrical  Conductor  and  Electrical  Insulation 
Materials  Topical  Report,  NASA  Lewis  Research  Center 
Report,  NASA-CR-54093 ,  October,  1964.  Prepared  by 
Westinghouse  Electric  Corporation,  Aerospace  Elec¬ 
trical  Division,  Lima,  OH. 

30 .  Bore  Seal  Technology  Topical  Report,  NASA  Lewis 
Research  Center  Report,  NASA-CR-54093,  December, 

1964.  Prepared  by  Westinghouse  Electric  Corporation, 
Aerospace  Electrical  Division,  Lima,  OH. 

31.  Magnetic  Materials  Topical  Report,  NASA  Lewis 
Research  Center  Report,  NASA-CR-54091 ,  September, 

1964.  Prepared  by  Westinghouse  Electric  Corporation, 
Aerospace  Electrical  Division,  Lima,  OH. 

32.  High  Temperature  Magnetic  Materials,  Westinghouse 
Electric  Corporation,  Aerospace  Electrical  Division, 
Lima  OH.  Report  No.  WAED  67.34E,  October,  1967. 
Prepared  on  "Contract  for  Development  and  Evaluating 
Magnetic  and  Electrical  Materials  Capable  of  Operat¬ 
ing  in  the  Temperature  Range  from  800°  to  1600°  F". 
Contract  No.  NAS3-6465. 

33.  Zimmerman,  W.  F.  and  Rossbach,  R.  0.,  "Metallurgical 
and  Fluid  Dynamic  Results  of  a  2000-Hour  Endurance 
Test  on  a  Two-Stage  200-Horsepower  Turbine  in  Wet 
Potassium  Vapor",  ASME  paper  67-GT-9,  presented  at 

the  Gas  Turbine  Conference,  Houston,  TX,  March  5-9,1967. 

34.  Schnetzer,  E.,  "Two-Stage  Potassium  Turbine  Three 
Thousand-Hour  Test",  NASA-CR- 72273,  July  1967,  NASA, 
Washington,  D.  C. 

35.  Thiruvengadam,  A.,  Rudy,  G.  C.  and  Gunasekaran,  M. , 
"Experimental  and  Analytical  Investigation  on  Multi¬ 
ple  Liquid  Impact  Erosion",  Report  719/2 ,  August, 

1969,  Hydronautics  Inc.,  Laurel,  MD. 

36.  Peterson,  J.  R. ,  Heller,  J.  A.  and  Gutstein,  "Status 
of  Advanced  Rankine  Power  Conversion  Technology", 
presented  17th  Annual  Meeting  of  the  Am.  Nuc.  Soc., 

June  13-17,  1971,  Boston,  MA. 


66 


Bland,  T.,  "Nuclear  Powered  Organic  Rankine  Systems  for 
Space  Applications" 


1. 

Organic  Rankine  Kilowatt  Isotope  Power  System  Final 

2. 

Phase  I  Report,  July  1978,  DOE  Report  COO  4299-032. 

Final  Report  Technology  Verification  Phase  Dynamic 

3. 

Isotope  Power  System,  February,  1982,  Sundstrand 
Report  No.  AER  2032. 

10  to  75  KWe  Reactor  Power  Systems  for  Space  Appli- 

cations.  Atomics  International  Report  N652TI140013 
March  1976. 

Stapfer,  G.  and  Wood,  C.j  "Thermoelectric  Conversion 


VI .  RADIANT  SYSTEMS 

English,  R.  and  Brandhorst,  H.  W.  ,  Jr.,  "Power  from 
Radiant-Energy  Sources:  An  Overview" 

1.  English,  R.  E.,  Alternative  Power-Generation  Systems, 
NASA  CP  2058,  May  1978,  pp.  113-131. 

2.  Sheffler,  K.  D.  and  Ebert,  R.  R. ,  Generation  of  Long 
Time  Creep  Data  on  Refractory  Alloys  at  Elevated 
Temperatures,  NASA  CR-134481,  TRW  rep.  ER-7648, 
September  1973,  Table  11-11. 

3.  English,  R.  E.,  Goals  of  Thermionic  Program  for  Space 
Power.  NASA  TM-82616,  May  1981. 

4.  Kerwin,  P.  T. ,  Analysis  of  a  35-  to  150-Kilowatt 
Brayton  Power-Conversion  Module  for  Use  with  an 
Advanced  Nuclear  Reactor.  NASA  TN  D-6525,  September 
1971. 

5.  Lemmon,  A.  W. ,  et  al..  Engineering  Properties  of 
Potassium.  NASA  CR-54017,  Battelle  rep.  BATT-4673- 
FINAL,  December  1963. 

6.  Ewing,  C.  T.,  et  al..  High  Temperature  Properties  of 
Potassium.  NRL  rep. 6233,  September  1965. 

7.  Stone,  J.  P.,  et  al.,  High-Temperature  Properties  of 
Sodium,  NRL  rep.  6241,  September  1965. 


67 


8.  Heller,  J.  A.,  et  al..  Study  of  a  300-Kilowatt 
Rankine-Cycle  Advanced  Nuclear-Electric  Space-Power 
System)  NASA  TM  X-1919,  November  1969. 

9.  Morris,  J.  F.,  High-Temperature ,  High-Power-Density 
Thermionic  Energy  Conversion  for  Space,  NASA  TM- 
73844,  November  1977. 

10.  Segall,  S.  B.,  et  al..  The  Application  of  Free  Elec¬ 
tron  Lasers  to  the  Transmission  of  Energy  in  Space, 
Proceedings  of  ONR  Workshop  on  Free-Electron  Lasers, 
June  1981. 

Loferski,  J.  J.,  "High  Efficiency  Tandem  or  Cascade  Photo¬ 
voltaic  Solar  Cells" 

1.  Wolf,  M.,  Proc.  IRE,  1963. 

2.  Gocsey,  N.  and  Loferski,  J.  J.,  Solar  Energy  Mate¬ 
rials,  1,  313,  (979). 

3.  Loferski,  J.  J.  Proc.  of  the  Third  European  Communi¬ 
ties  Photovoltaic  Conference,  Cannes,  France,  Novem¬ 
ber,  1980. 

4.  Loferski,  J.  J. ,  Shewchun,  J.,  Roessler,  B.,  Beaulieu, 
R. ,  Piekoszewski ,  J. ,  Gorska,  M. ,  and  Chapman,  G. , 
Conference  Record  of  the  Thirteenth  IEEE  Photovoltaic 
Specialists  Conference,  1978,  p.  190. 

5.  Loferski,  J.  J.,  et  al.,  Conference  Record  of  the 
15th  IEE  Photovoltaic  Specialists  Conference,  May 
1981,  p.  1056. 

Loferski,  J.  J.,  Severns,  J.  and  Vera,  E.,  "Thermophoto- 
voltaic  Power  Sources  for  Space  Applications" 

1.  Severns,  J.  and  Cobble,  M.  B.,  Proceedings  of  the 
16th  Intersociety  Energy  Conversion  Conference, 
Atlanta,  GA,  Vol.  1,  89,  August  1981. 

2.  Vera,  E.  S.,  Loferski,  J.  J.  and  Spitzer,  M. ,  Confer- 
ence  Record  of  the  15th  Photovoltaic  Specialist 
Conference,  Orlando,  FL,  May  1981. 

3.  Vera,  E.  S.,  Loferski,  J.  J. ,  Spitzer,  M.  and 
Shewchun,  J.  Proceedings  of  the  Third  European 
Community  Photovoltaic  Conference"  Cannes,  France , 
1980,  p.  911. 


68 


4.  Kittl,  E.  and  Guazzoni,  G.,  "Lesign  Analyses  of  TPV 
Generator  System,  25th  Annual  Proceedings,  Power 
Sources  Conference,  May  1972,  Atlantic  City,  NJ. 

Holt,  J.  F. ,  "Solar  Energy  Conversion  for  Space  Power 
Systems " 

Conway,  E.  J.,  "Solar  Pumped  Lasers  for  Space  Power  Trans¬ 
mission" 

Phillips,  B.  R.  "A  Proposed  Optical  Pumping  System 
Requiring  No  Electric  Power" 

Miley,  G.  H.,  "Status,  Research  Requirements  and  Potential 
Application  for  Nuclear  Pumped  Lasers" 

1.  Miley,  G.  H.,  Laser  Int.  and  Related  Plasma  Phen. , 
Vol .  4A,  1976,  pp.  181-228. 

2.  Jaulfka,  N.  W. ,  Hohl,  F.,  1980  IEEE  International 
Conference  on  Plasma  Science,  Madison,  WI,  May,  1980 
5C5. 

3.  Jalufka,  N.  W.,  1989  IEEE  International  Conference 
on  Plasma  Science,  Santa  Fe ,  NM,  May  1981,  6B1 . 

4.  Prelas,  M.  A.,  et  al . ,  Radiation  Energy  Conversion 
in  Space,  Vol.  61,  Progress  in  Astronautics  and 
Aeronautics,  1978. 

5.  DeYoung,  R.  J.,  Appl  Phys.  Left.  38(5),  1  March  1981 
pp.  297-298. 

6.  Rowe,  M.  J.,  Liang,  R.  H.,  and  Schneider,  R.  T., 

1981  IEEE  Conf.  on  Plasma  Science,  Santa  Fe.  NM, 

May  1981,  6B6-7. 

7.  Miley,  G.  H.,  "Direct  Nuclear  Pumped  Lasers  -  Status 
and  Potential  Applications",  in  Laser  Interaction 
and  Related  Plasma  Phenomena,  Vol.  4A,  Plenum 
Publishing  Corp.  1977. 

8.  Thom,  K.  and  Schneider,  R.  T.,  "Nuclear  Pumped  Gas 
Lasers",  AIAA  Journal,  10,  400,  1972. 

9.  Nguyen,  D.  H.  and  Fuhs,  A.  E.,  Nuclear  Pumped  Lasers 
Report  of  Workshop  on  Direct  Nuclear  Pumping  of 
Lasers,  Naval  Postgraduate  School,  Monterey,  CA, 
April,  1976. 


10.  Proceedings  of  International  Symposium  on  Nuclear 
Induced  Plasmas  and  Nuclear  Pumped  Lasers,  May  23-25, 
1978,  Orsay,  France. 

11.  Proceedings,  NASA  Workshop  on  Nuclear  Pumped  Lasers, 
NASA-Langley  Research  Center,  July  1979. 

12.  See  Sessions  on  Nuclear  Pumped  Lasers  in: 

1979  IEEE  International  Conference  on  Plasma 
Science,  Montreal,  Canada; 

1981  Conference,  Santa  Fe,  NM; 

1982  Conference,  Ottawa,  Canada; 

Radiation  Energy  Conversion  in  Space,  Vol.  61, 
Progress  in  Astronautics  and  Aeronautics,  1977; 

Also,  see  NPL  papers  in 

International  Conference  on  Lasers  '79,  Orlando,  FL; 
International  Conference  on  Lasers  '80,  New 
Orleans,  LA; 

International  Conference  on  Lasers  '81,  New 
Orleans,  LA  . 

13.  Compilation  of  Data  Relevant  .to  Nuclear  Pumped  Lasers, 
Vols.  I-III,  Technical  Report  H-78-1,  US  Army  Missile 
R  &  D  Command,  Redstone  Arsenal,  AL. 

14.  Miley,  G.  H.,  Greenspan,  E.,  and  Gilligan,  J., 
Atomkernenergie/Kerntechnik,  Vol.  36,  No.  3,  1980, 
pp.  182-187. 

15.  Miley,  G.  H.  and  Zediker,  M.  S.,  "Nuclear  Pumping 

(lA)  for  an  02(lA)-I2  Laser",  Xllth  International 

Quantum  Electronics  Conference,  1982,  Munich,  Ger¬ 
many,  June  22-25,  1982. 

16.  02(1a)-I2  studies  are  described  in: 

Sediker,  M.  S.  and  Miley,  G.  H.,  Topical  Meeting 
on  Infrared  Lasers,  University  of  S.  California, 
December  1980. 

Zediker,  M.  S.  and  Miley,  G.  H. ,  International 
Conference  on  Lasers  '81,  New  Orleans,  LA, 

December  1981. 

Zediker,  M.  S.,  Dooling,  T.  R.,  and  Miley,  G.  H., 
1981  IEEE  International  Conference  on  Plasma 
Science,  Santa  Fe ,  NM. 

Walbridge,  W.  W. ,  "Prime  Power  for  High-Energy  Space 
Systems:  Certain  Research  Issues" 


70 


1.  Drell,  S.  D. ,  Foley,  H.  M.  and  Ruderman,  M.  A., 

Drag  and  Propulsion  of  Large  Satellites  in  the  Ion¬ 
osphere:  An  Alfven  Propulsion  Engine  in  Space, 

J.  Geophys.  Res.,  Vol.  70,  No.  13,  p.  3131,  July  1, 
1965. 

2.  Lockheed  Missiles  and  Space  Co.,  Inc.,  Laser  Power 
Conversion  Systems  Analysis,  Voi.  II,  September  1978 

3.  Peck,  E.  R. ,  Electricity  and  Magnetism,  McGraw-Hill, 
1953. 

4.  Spitzer,  L. ,  Jr.,  Physics  of  Fully  Ionized  Gases, 
Interscience  Publishers,  1956. 

5.  Walbridge,  E.  W.  ,  Laser  Satellite  Power  Systems, 
Argonne  National  Laboratory  Formal  Report  ANL/ES-92, 
January  1980. 

6.  Walbridge,  E.  W. ,  Laser  Satellite  Power  Systems: 
Concepts  and  Issues,  Space  Solar  Power  Review,  Vol. 3 
No.  1,  1982. 

Britt,  E.  J.,  "Status  of  Thermoelectronic  Laser  Energy 
Conversion  -  Telec" 

Finke,  R.  C. ,  "Direct  Conversion  of  Infrared  Radiant 
Energy  for  Space  Power  Applications" 

Freeman,  J.  W.  and  Simons,  S. ,  "The  Phototron:  A  Light  to 
R.F.  Energy  Conversion  Device" 

1.  Freeman,  J.  W. ,  Colson,  W.  B. ,  Simons,  S.,  "New 
Methods  for  the  Conversion  of  Solar  Energy  to  Radio 
Frequency  and  Laser  Power" ,  Space  Manufacturing 
Facilities  3,  AIAA,  New  York,  NY,  1979. 

2.  Freeman,  J.  W. ,  Simons,  S.,  Colson,  W.  B.,  Brotzen, 
F.  and  Hester,  J.,  "The  Photoklystron",  Spa.  Sol. 

Pwr.  Rev.,  1,  pp.  145-154  ,  19U>. 

3.  Freeman,  J.  W.  and  Simons,  S.,  "Direct  Conversion  of 
Light  to  Radio  Frequency  Energy",  Proceedings  of  the 
16th  Intersociety  Energy  Conversion  Conference, 
Atlanta,  GA,  August  1981,  1,  pp.  95-97,  1981,  ASME, 
New  York,  NY. 


Lee,  Ja.  H.  and  Jaluska,  N.  W. , 
Systems  for  Space  Applications" 


"Radiation-Driven  MHD 


1.  Carter,  A.  F.,  et  al.,  "Development  and  Initial 
Operating  Characteristics  of  the  20-Megawatt  Linear 
Plasma  Accelerator  Facility",  NASA  TN  D-6547, 
December  1971. 

2.  Elliott,  D.  G. ,  "Performance  Characteristics  of 
Liquid-Metal  MHD  Generators",  SM  107/41,  IAEA, 

Vienna,  July  1968. 

3.  Jalufka,  N.  W.  and  Lee,  J.  H.,  "Laser-Driven  MHD 
Generator  for  Conversion  of  Laser  Energy  to  Electri¬ 
city",  Invention  Disclosure,  NASA  Case  No.  LAR 
12859-1,  1981. 

4.  Lau,  C.  V.  and  Decher,  R.,  "MHD  Conversion  of  Solar 
Radiant  Energy"  in  Radiation  Energy  Conversion  in 
Space ,  K.  W.  Billman, (Ed) .  AIAA ,  1978,  p.  201. 

5.  Lee,  J.  H.  and  Hohl,  F.,  "Solar-Driven  Liquid  Metal 
MHD  Power  Generator",  Invention  Disclosure,  NASA 
Case  No.  LAR  12495-1,  1978. 

6.  Palmer,  A.  J.,  "Radiatively  Sustained  Cesium  Plasmas 
for  Solar  Electric  Conversion",  Radiation  Energy 
Conversion  in  Space,  K.  W.  Billman  (Ed.),  AIAA,  1978, 

p.  201. 

7.  Taussig,  R.  T.,  Cassady,  P.  and  Zumbieck,  J.,  "Study, 
Optimization,  and  Design  of  a  Laser  Heat  Engine", 
Radiation  Energy  Conversion  in  Space,  K.  W.  Billman 
(Ed.),  AIAA,  1978,  1978,  p.  498. 

Freeman,  J.  W.  ,  "Interaction  Between  the  SPS  Solar  Power 
Satellite  Solar  Array  and  the  Maanetosoheric  Plasma" 


1.  Reiff,  P.  H.,  Freeman,  J.  W. ,  and  Cooke,  D.  L. . 
Environmental  Protection  of  the  Solar  Power  Satellite, 
Space  Systems  and  Their  Interactions  with  Earth's 
Space  Environment,  H.  B.  Garrett  and  C.  P.  Pike,(ed.) 
Vol .  7_1»  Progress  in  Astronautics  and  Aeronautics, 
1979. 

2.  Freeman,  J.  W. ,  Electrostatic  Protection  of  the  Solar 
Power  Satellite  and  Rectenna,  Final  Report  for  NASA 
Contract  NAS8-33023,  Marshall  Space  Flight  Center, 
1979. 


3. 


Kennerud,  K.  L. ,  Final  Report 
Experiments,  Boeing  Aerospace 
NASA  Contract  No.  NAS3-14364, 
Center,  1979. 


High  Voltage  Array 
Report  No.  CR121280, 
NASA  Lewis  Research 


72 


MATERIALS 


Saunders,  N.,  "High-Energy  Space  Power  Systems" 

Morris,  J.  F.,  "Some  Material  Implications  of  Space  Nuclear 

Reactors  (Non-Fuel  Materials) " 

Yang,  L.,  "Nuclear  Fuel  Systems  for  Space  Power  Application" 

1.  "Material  Development  for  Thermionic  Fuel-Cladding 
Systems",  L.  Yang,  R.  G.  Hudson,  H.  Johnson,  H-  Horner 
and  D.  Allen;  Proceedings  of  the  3rd  International 
Conference  on  Thermionic  Electrical  Power  Generation, 
p.  873-893.  Julich,  Federal  Republic  of  Germany, 

June  5-9,  1972. 

2.  "Developmental  Status  of  Thermionic  Materials",  L. 

Yang  and  J.  Chin;  Proceedings  of  the  Seventh  Inter¬ 
society  Energy  Conversion  Engineering  Conference, 
p.  1041-1049,  San  Diego,  CA,  1972. 

3.  "Development  of  a  Thermionic  Reactor  Space  Power 
System,  Final  Summary  Report,  Contract  AT (04-3) -840, 
Gul f - GA- A1 2608,  June  30,  1973. 

4.  "Development  and  Irradiation  Performance  of  LHTGR 
Fuel",  D.  P.  Harmon  and  C.  B.  Scott,  GA-A13173, 

October  31,  1975. 

5.  "Design  and  Performance  of  Coated  Particle  Fuels  for 
the  Thorium  Cycle  HTGR" ,  T.  D.  Gulden,  D.  P.  Harmon, 
and  O.  M.  Stansfield.  GA-A12628,  January  24,  1974. 

6.  "Irradiation  Behavior  of  Experimental  Fuel  Particles 
Containing  Chemically  Vapor  Deposited  Zirconium 
Carbide  Coatings",  G.  H.  Reynolds,  J.  C.  Janvier, 

J.  L.  Kaae,  and  J.  P.  Morlevat. 

7.  "Fuel  Particle  Behavior  Under  Normal  and  Transient 
Conditions",  C.  L.  Smith.  GA-A12971,  October  1, 

1974. 

8.  "Gas-Cooled  Reactor  Program  Semi-Annual  Program 
Report  for  the  Period  Ending  September  30,  1966", 
ORNL-4036 ,  February  1967. 

Rossing,  B.  R. ,  "Materials  for  High  Power  MHD  Systems" 

1.  J.  B.  Heywood,  W.  T.  Norris  and  A.  C.  Warren, 

"Electrodes  and  Insulators",  Open  Cycle  MHD  Power 


i 

I 

I 

I 

I 

I 

I 


Generation  Ed. by  J.  B.  Heywood  and  G.  J.  Womack, 
Pergamon  Press,  Oxford,  1969. 

2.  H.  K.  Bowen,  "MHD  Channel  Materials  Development 

Goals",  Proceedings  of  NSF-OCR  Engineering  Workshop 
on  MHD  Materials  Edited  by  A.  L.  Bement,  Cambridge, 
MA,  Nov.  1974,  pp.  85-112. 


S.  J.  Schneider,  H.P.R.  Frederikse,  G.  P.  Telegin, 
A.  I.  Ramonov,  "Materials"  in  Open  Cycle  Magneto¬ 
hydrodynamic  Electrical  Power  Generation,  Edited  by 
M.  Petnck  and  B.  Ya.  Shumyatsky,  Argonne  National 
Laboratories,  Argonne,  IL,  1978. 


4.  B.  R.  Rossing  and  H.  K.  Bowen,  "Materials  for  Open 
Cycle  Magnetohydrodynamic (MHD)  Channels",  in 
Critical  Materials  in  Energy  Production,  Edited  by 
C.  Stein,  Academic  Press,  New  York,  1977. 


5.  J.  Mizusaki,  W.  R.  Cannon  and  H.  K.  Bowen,  "Electro¬ 
chemical  Degradation  of  Ceramic  Electrodes",  J.  Am. 
Cer.  Soc.,  63,  391-7,  1980. 


6.  B.  L.  Pober,  et  al.,  "Development  of  Super-Hot-Wall 
Electrodes",  7th  Int.  Conf.  on  MHD  Electrical  Power 
Generation,  Cambridge,  MA,  June  1980,  pp.  278-286. 

7.  B.  R.  Rossing,  L.  H.  Cadoff  and  T.  K.  Gupta,  "The 
Fabrication  and  Properties  of  Electrodes  Based  On 
Zirconium  Oxide",  6th  Int.  Conf.  on  MHD,  Electrical 
Power  Generation,  Cambridge,  MA,  June  1975,  Vol.  II, 
pp.  105-117. 


8.  W.  D.  Jackson,  et  al . ,  "Joint  Test  of  a  U.S.  Elec¬ 
trode  System  in  the  USSR  U-02  Facility",  Proc.  of 
16th  Sym.  on  Eng.  Aspects  of  MHD,  Philadelphia,  PA, 
May  1976,  p.I.  1.  1-12. 


9.  G.  Rudins  et  al.,  "The  Second  Joint  Test  of  a  US 
Electrode  System  in  the  USSR  U-02  Facility",  Proc. 
of  16th  Sym.  on  Eng.  Aspects  of  MHD,  Pittsburgh,  PA, 
May  1977,  pp.  IV,  1.1-12. 


10.  H.P.R.  Frederiskse  and  W.  R.  Hosier,  "Electrodes 
and  Insulators:  Design  and  Materials  Considera¬ 
tions",  Proc.  of  16th  Sym.  on  Eng.  Aspects  of  MHD, 
Pittsburgh,  PA,  May  1977,  pp.  IV,  4.22-28. 


I 

I 


74 


11.  B.  R.  Rossing,  et  al.,  "Evaluation  of  Phase  III 
Proof  Test  Materials",  Proc.  of  17th  Sym.  of  Eng. 
Aspects  of  MHD,  Stanford,  CA,  March  1978,  pp.  G.2.1-8 

12.  J.  W.  Sadler,  et  al.,  "Design,  Test  and  Evaluation 
of  Refractory  MHD  Electrodes",  Proc.  of  17th  Sym.  of 
Eng.  Aspects  of  MHD,  Stanford,  CA,  March,  1978, 

pp.  G. 3.1-9. 

13.  ANL-77-21,  Conference  on  High  Temperature  Sciences 
Related  to  Open  Cycle,  Coal  Fired  MHD  Systems, 

Argonne  National  Laboratory,  Argonne ,  IL,  April,  1977 

14.  A.  M.  George,  "Improved  LaCrO^  Ceramics  for  High 
Temperature  Electrodes  in  Open  Cycle  MHD  Systems, 

15th  Sym.  on  Eng.  Aspects  of  MHD,  Philadelphia,  PA, 
May  1976. 

15.  G.  P.  Telegin,  et  al.,  "Investigation  of  Thermophysi¬ 
cal  Properties  of  Refractory  Materials  Used  in  MHD 
Generator  Channels",  High  Temperatures-High  Pressures 
8,  199-208,  1976. 

16.  D.  D.  Marchant  and  J.  L.  Bates,  "Development  of 
Yttrium  Chromites  and  Rare  Earth  Doped  Halnia  for 
MHD  Generator  Applications",  18th  Sym.  on  Eng. 

Aspects  of  MHD,  Butte,  MT,  June  1979,  pp.  P.1.5.1-8. 

17.  J.  L.  Bates,  et  al.,  "Performance  of  U.S.  Electrodes- 
Insulators  Tested  in  the  U.S.S.R.  U-02,  Phase  III, 
18th  Sym.  on  Eng.  Aspects,  Butte,  MT. ,  June  1979, 

pp.  P-1.6.1-10. 

18.  T.  Negas,  W.  R.  Hosier  and  L.  P.  Domingues,  "Prepa¬ 
ration  and  Properties  of  Yttrium  Chromite  Ceramics", 
4th  Int.  Meeting  on  Modern  Ceramic  Technologies, 

St.  Vincent,  Italy,  May  1979. 

19.  D«  D.  Marchant  and  J.  L.  Bates,  "Hafnia-Rare  Earth 
Oxides  for  High  Temperature  MHD  Electrodes",  7th 
Int.  Conf.  on  MHD  Electrical  Power  Generation, 
Cambridge,  MA,  June  1980,  pp.  287-291. 

20.  Jiang  Dong-liang,  et  al.,  "A  Composite  Electrode 
Material  Study  and  Its  Performance  in  a  MHD  Test 
Unit",  7th  Int.  Conf.  on  MHD  Electrical  Power 
Generation,  Cambridge,  MA,  June  1980,  pp.  292-299. 


75 


21.  M.  Yoshimura  and  H.  K.  Bowen,  "Electrical  Breakdown 
Strength  of  Alumina  at  High  Temperatures",  J.  Am. 

Cer.  Soc.  64,  404-410,  1981. 

22.  D.  W.  Swallom,  et  al.,  "High  Power  Magnetohydro¬ 
dynamic  System",  AFAPL-TR-78-51 . 

23.  A.  A.  Bouer  and  J.  L.  Bates,  "An  Evaluation  of  Elec¬ 
trical  Insulators  for  Fusion  Reactors,  BMI-1930, 

July  1974. 

Nahemow,  M.,  "The  Westinghouse  High  Flux  Electron  Beam 
Surface  Heating  Facility  (ESURF) " 

Cooper,  M.  H. ,  "Applications  of  a  High  Temperature  Radia¬ 
tion  Resistant  Electrical  Insulation" 

1.  "Inherently  Safe  Core  Design  Program  Annual  Summary 
Report,  July  1,  1976  through  September  30,  1977", 
WARD-IS-3045-6,  June  1980. 

2.  R.  B.  Tupper  and  M.  H.  Cooper,  "Inherently  Safe 
Core  Design  Program  Annual  Summary  Report,  October  1, 
1977  through  September  30,  1978",  WARD-IS-3045-4 , 

June  1980. 

3.  R.  B.  Tupper,  M.  H.  Cooper  and  C.  E.  Swenson,  "Nuc¬ 
lear  Safety  and  Reliability  Engineering,  Self- 
Actuated  Shutdown  System  Development,  Annual  Progress 
Report,  for  the  Period  Ending  September  30,  1979", 
WARD-SR-94000-4,  March  1980. 

4.  R.  B.  Tupper,  C.  E.  Swenson,  W.  C.  Frank,  "Nuclear 
Safety  and  Reliability  Engineering,  Self-Actuated 
Shutdown  System  Development,  Annual  Progress  Report 
for  the  Period  Ending  September  30,  1980",  WARD-SR- 
94000-25. 

5.  R.  B.  Tupper,  A.  M.  Bernard,  W.  C.  Frank,  "Nuclear 
Safety  and  Reliability  Engineering,  Self-Actuated 
Shutdown  System  Development,  Annual  Progress  Report 
for  the  Period  Ending  September  30,  1981",  WARD- 
SR-94000-30 . 


Levy,  P.  W. ,  "Radiation  Damage  Measurements  on  Nonmetals 
Made  During  Irradiation  with  1  to  3  MeV  Electrons" 


1. 


P.  W.  Levy,  The  Use  of  Color  Centers  for  the  Detec¬ 
tion  and  Measurement  of  Radiation  Induced  Defects, 


Symposium  on  the  Chemical  and  Phys.  Effects  of  High 
Energy  Radiation  on  Inorganic  Substances,  ASTM  Tech. 
Pub.  No.  359,  p.  3,  1964. 


76 


2.  P.  W.  Levy,  P.  L.  Mattern  and  K.  Lengweiler,  Studies 
on  Non-metals  During  Irradiation:  I.  The  Growth 
and  Decay  of  F-centers  in  KCI  at  20°  C,  Phys,  Rev. 
Letters  24 _,  13,  1970. 

3.  P.  L.  Mattern,  K.  Lengweiler  and  P.  W.  Levy.  Studies 
on  Non-metals  during  Irradiation:  II.  The  Formation 
and  Post-irradiation  Growth  and  Decay  of  F-centers 

in  NaCl  at  20°  C,  Solid  State  Comm.  9,  935,  1971. 

4.  K.  Lengweiler,  P.  L.  Mattern  and  P.  W.  Levy,  Studies 
on  Non-metals  during  Irradiation,  III.  The  Growth 

of  F-centers  in  KCL  at  85°  K,  Phys,  Rev.  Letters  26 , 
1375,  1971. 

5.  P.  W.  Levy,  P.  L.  Mattern,  K.  Lengweiler  and  M.  Gold¬ 
berg,  Studies  on  Non-metals  during  Irradiation,  IV. 

The  Effect  of  Strain  Applied  during  Irradiation  on 
the  Gamma-ray  Induced  F-center  Coloring  of  KCL  at 
Room  Temperature,  Solid  State  Comm.  9_,  1907,  1971. 

6.  P.  W.  Levy,  P.  L.  Mattern,  K.  Lengweiler  and  A.  M. 
Bishay,  Studies  on  Non-metals  during  Irradiation:  V. 
Growth  and  Decay  of  Color  Centers  in  Barium 
Aluminoborate  Glasses  Containing  Cerium,  J.  Amer. 
Ceramic  Soc.  5_7,  176,  1974. 

7.  P.  W.  Levy,  M.  Goldberg  and  P.  J.  Herley.  Kinetics 
of  Defect  and  Radiolytic  Product  Formation  in  Single 
Crystal  NaBrO^  Determined  from  Color  Center  Measure¬ 
ments,  J.  PhyS.  Chem.  76,  3751,  1972. 

8.  P.  W.  Levy,  M.  Goldberg  and  P.  J.  Herley.  Formation 
of  Color  Centers  in  Ammonium  Perchlorate  by  X-ray 
Irradiation  at  21°  C,  Radiation  Effects  38^,  231,  1978. 

9.  K.  J.  Swyler  and  P.  W.  Levy.  Radiation  Induced 
Coloring  of  Glasses  Measured  during  and  after  Elec¬ 
tron  Irradiation  and  Studies  on  Color-center  Forma¬ 
tion  in  Glass  Utilizing  Measurements  Made  during  1 
to  3  MeV  Electron  Irradiation.  1975  IEEE  Annual 
Conf.  on  Nuclear  and  Space  Radiation  Effects,  Areata/ 
Eureka,  CA,  July  1975.  IEEE  Nucl.  Trans.  NS22  2259- 
64,  1975;  Proc.  Princeton  University  on  Partially 
Ionized  and  Uranium  Plasmas.  National  Aeronautics 
and  Space  Administration,  Washington,  D.  C.,  Sept. 
1976,  p.  160-169,  Princeton  University,  Princeton, 

NJ,  June  1976. 


77 


10.  K.  J.  Swyler,  R.  W.  Klaffky  and  P.  W.  Levy.  Radia¬ 
tion  Damage  Studies  on  Synthetic  NaCl  Crystals  and 
Natural  Rock  Salt  for  Waste  Disposal  Applications, 
Scientific  Basis  of  Nuclear  Waste  Management,  Vol.l, 

G.  J.  McCarthy,  (ed. ) ,  Plenum,  New  York,  P.  349. 

11.  P.  W.  Levy,  K.  J.  Swyler  and  R.  W.  Klaffky.  Radia¬ 
tion  Induced  Color  Center  and  Colloid  Formation  in 
Synthetic  NaCl  and  Natural  Rock  Salt,  Third  Euro¬ 
physics  Topical  Conf.,  Lattice  Defects  in  Ionic 
Crystal!^  JL  de  Physique  41,  Supplement-Colloaue  C6 , 
pp.  344-347. 

12.  K.  J.  Swyler,  R.  W.  Klaffky,  and  P.  W.  Levy.  Recent 
Studies  on  Radiation  Induced  Color  Centers  and  Colloid 
Formation  in  Synthetic  NaCl  and  Natural  Rock  Salt  for 
Waste  Disposal  Applications,  Int.  Sym.  on  the  Sci. 
Basis  for  Nuclear  Waste  Management,  Vol.  II,  C.J.M. 
Northrup,  (ed. )  Plenum,  New  York,  1980,  p.  553. 

13.  P.  W.  Levy,  J.  M.  Loman,  K.  J.  Swyler,  and  R.  W. 
Klaffky.  Radiation  Damage  Studies  on  Synthetic  NaCl 
Crystals  and  Natural  Rock  Salt  for  Radioactive 
Waste  Disposal  Applications,  to  be  published  in: 
Advances  in  the  Science  and  Technology  of  the  Manage¬ 
ment  of  High  Level  Nuclear  Waste,  P.  L.  Hofmann , (ed. ) 

14.  J.  M.  Loman,  P.  W.  Levy,  and  K.  J.  Swyler.  Radiation 
Induced  Sodium  Metal  Colloid  Formation  in  Natural 
Rock  Salt  from  Different  Geological  Localities,  to 

be  published  in  Proc.  4th  Materials  Res.  Soc.  Symp. 
on  the  Scientific  Basis  of  Nuclear  Waste  Mgmt., 

Boston,  MA,  1981. 

Sarjeant,  W.  J.,  Laghari,  J.  R.  Gupta,  R. ,  and  Bickford, 

K.  J.,  "Charge  Injection  Effects  Upon  Partial  Discharges 
in  a  DC  and  DC  Plus  AC  Laminate  Insulation  Environment" 

/ 

1.  W.  G.  Dunbar  and  J.  W.  Seabrook,  "High  Voltage 
Design  Guide  for  Airborne  Equipment’’,  Air  Force 
Aero  Propulsion  Laboratory  Technical  Report  No. 
AFAPL-TR-76-41,  June  1976 (NTIS  Reference  No.  AD-A- 
29-268) . 

2.  K.  C.  Kao  and  J.  P.  C.  McMath,  "Time-Dependent  Pres¬ 
sure  Effect  in  Liquid  Dielectrics",  IEEE  Trans,  on 
Elec.  Insulation,  Vol.  EI-5,  No.  3,  September  1970. 


78 


3.  F.  Tse,  W.  Bell,  1*1.  Mulcahy  and  P.  Bolin,  "Liquid 
Insulation",  High  Voltage  Technical  Seminar,  Ion 
Physics  Corp. ,  Boston,  MA,  September  1969. 

4.  E.  Kuffell  and  M.  Abdullah,  High  Voltage  Engineering, 

Pergamon  Press,  1970.  -  -  - 

5.  J.  C.  Martin,  "Comparison  of  Breakdown  Voltages  for 
Various  Liquids  Under  One  Set  of  Conditions",  AWRE 
Report,  1965. 

6.  G.  McDuff,  K.  Rust,  W.  J.  Sarjeant  and  P.  N.  Mace, 
"Development  of  High  Reliability,  Multikilohertz 
Repetition-Rate  Components",  Proc.  14th  Pulse  Power 
Modulator  Symposium,  Orlando,  FL,  June  3-5,  1980, 
pp.  122-124. 

7.  G.  H.  Mauldin,  (The  Application  of  Perf luorocarbons 
as  Impregnants  for  Plastic  Film  Capacitors) ,  to  be 
published  in  the  Proc.  of  the  NASA  Symposium, 
Huntsville,  AL,  February  14,  1981. 

8.  "Development  of  a  High  Energy  Density  Capacitor  for 
Plasma  Thrusters",  Air  Force  Rocket  Propulsion  Lab¬ 
oratory,  Air  Force  Systems  Command  Technical  Report 
AFRPL-TR-80-35,  October  1980. 

9.  W.  J.  Sarjeant,  "Energy  Storage  Capacitators " ,  sub¬ 
mitted  for  publication  in  the  Proc.  IEEE  Plasma 
Science  Pulse  Power  Course,  Santa  Fe,  NM,  May  18-22, 
1981. 

10.  Proceedings  of  the"Special  Symposium  on  High-Energy- 
Density  Capacitors  and  Dielectric  Materials",  at  the 
1980  Conference  on  Electrical  Insulation  and  Dielec¬ 
tric  Phenomena,  Boston,  MA,  October  26-28,  1980, 
National  Academy  Press,  Washington,  DC. 

11.  T.  E.  Springer.  W.  J.  Sarjeant.  "Field  Grading  in 
Caoacitor  Marcrins",  Proc.  IEEE  3rd  International 
Pulsed  Power  Conference,  Albuquerque,  NM,  June  1-3, 
1981,  to  be  published. 

12.  R.  D.  Parker,  "Technological  Development  of  High 
Energy  Density  Capacitors",  NASA  Lewis  Research 
Center,  Cleveland,  OH,  NASA  CR12496,  February  1976. 


79 


13. 


R.  D.  Parker,  "Effect  of  Foil  Edge  Modifications 
and  Configurations  Charges  on  Energy  Storage  Capa¬ 
citor  Weight",  IEEE  Trans,  on  Parts,  Hybrids,  and 
Packaging,  Vol.  PHP-13,  3,  September  1979. 

14,  L.  Mandelcorn,  T.  W.  Dakin,  R.  L.  Miller  and  G.  E. 
Mercier,  "High  Voltage  Power  Capacitor  Dielectrics: 
Recent  Developments",  Proc.  of  the  14th  Electrical/ 
Electronics  Conference,  Boston,  MA,  October  9-11,  1979. 

Sundberg,  G. ,  "Deep  Impurity  Trapping  Concepts  for  Power 
Semiconductor  Devices" 

1.  Henderson  &  Ashley,  "Space-Charge-Limited  Current  in 
Neutron-Irradiated  Silicon,  with  Evidence  of  the 
Complete  Lampert  Triangle",  Phys.  Rev.,  186,  811, 

1969.  "  ' 

2.  Henderson,  et  al.,  "Third  Side  of  the  Lampert  Triangle 
Evidence  of  Traps-Filled-Limit  Single-Carrier  Injec¬ 
tion",  Phys.  Rev.  B,  6,  4079,  1972. 

3.  Henderson  &  Ashley,  "A  Negative  Resistance  Diode 
Based  Upon  Double  Injection  in  Thallium-Doped 
Silicon",  Proc.  IEEE,  57,  1677,  1969. 

4.  Vanvari  &  Henderson,  "Double-Injection  Negative 
Differential  Resistance  in  Compensated  Gold-Doped 
Germanium",  Phys.  Stat.  Sol,  (a),  12,  K81,  1972. 

5.  Nevin  &  Henderson , "Thallium-Doped  Silicon  Ionization 
and  Excitation  Levels  by  Infrared  Absorption", 

J.  Appl .  Phys.,  46,  2130,  1975. 

6.  Henderson  &  Asbrock,"A  New  (SCR-Like)  DI  Switching 
Device  Based  Upon  Deep  Impurity  Trapping  and  Relax¬ 
ation  Effects",  Digest,  IEEE  International  Electron 
Devices  Meeting,  Washington,  D.  C.,  p.  680,  1978. 

7.  Mantha  &  Henderson,  "Post-Breakdown  Bulk  Oscillations 
in  Gold-Doped  Silicon  p+-i-n+  Double-Injection 
Diodes",  Solid-St.  Electron,  23,  275,  1980. 

8.  Ko  &  Henderson,  "The  Use  of  Multiple  Internal  Reflec¬ 
tion  on  Extrinsic  Silicon  Infrared  Detection",  IEEE 
Trans.  Electron  Devices,  ED-27,  62,  1980. 

9.  Kapoor  &  Henderson,  "A  New  Planar  Injection-Gated 
Bulk  Switching  Device  Based  Upon  Deep  Impurity  Trap¬ 
ping",  IEEE  Trans.  Electron  Devices,  ED-27,  1268,1980. 


80 


10.  Kapoor  &  Henderson,  "Variable  N-Type  Negative  Resis¬ 
tance  in  an  Injection-Gated  Double-Injection  Diode", 
IEEE  Trans.  Electron  Devices,  (to  be  published  March, 
1981)  . 

11.  Kapoor  &  Henderson,  "Injection-Gated  DI  Diode  with 
Gate-Controlled  Holding  Voltage",  IEEE  Trans.  Elec¬ 
tron  Devices  (submitted  for  publication) . 

12.  Kapoor  &  Henderson,  "Double-Injection  Diode  as  a 
Pulse  Width  Modulation  Element",  Electron  Devices 
Lett .  (submitted  for  Publication) . 

Relevant  University  of  Cincinnati 
Theses  and  Dissertations 

1 .  Infrared 

(a)  Chih-Sieh  Teng,  "Infrared  Extrinsic  MOSFET 
Detectors  with  and  without  Memory,  Based  Upon  Epi¬ 
taxial  Silicon/Germanium  Alloy",  Ph.D.  Dissertation, 
1979. 

(b)  Prateep  Tuntasood,  "Use  of  Activated  Gold  Donor 
in  Silicon  for  Fabrication  of  MOS  and  Photoconductive 
Infrared  Detectors",  M.  S.  Thesis,  1979. 

(c)  Shang-Bin  Ko,  "Exploration  of  New  Schemes  of 
Extrinsic  IR  Photodetection  Using  Deep  Impurities  in 
Silicon  Planar  Configurations",  Ph.D.  Dissertation, 
1978. 

(d)  Joseph  H.  Nevin,  "Analytical  and  Experimental 
Contributions  to  the  Characterization  of  Deep  Impuri¬ 
ties  in  IV-IV  Semiconductors",  Ph.D.  Dissertation, 
1974. 

2 .  Injection  Characteristics  (Single  and  Double)  in 
Polysilicon  and  Neutron-Irradiated  Silicon 

(a)  Anant  D.  Dixit,  "Electronic  Injection  Studies  of 
Silane-Deposited  Polycrystalline  Silicon  Films",  Ph.D. 
Dissertation,  1974. 

(b)  Jerry  E.  Sergent,  "An  Investigation  of  Double 

Injection - Using  Neuron-Irradiated  Silicon  as  a 

Case  in  Point",  Ph.D.  Dissertation,  1971. 


o  1 


3 •  Deep  Impurities 


i 


I 

I 

I 

I 

I 

I 


i 


(a)  Mana  Rugseanuvatgul ,  "Characterization  of  an 
Indirect  Source  Open-Tube  Method  of  Gold-Doping  in 
Silicon,  Using  Transient  Capacitance  Measurements", 
M.S.  Thesis,  1980. 

(b)  Bhaskar  Mantha,  "Electrical  Properties  of  Zinc- 
Doped  Silicon",  M.  S.  Thesis,  1976. 

(c)  N.  Jayaram,  "Optical  Studies  in  Semiconductor 
Technology  Using  Multiple  Internal  Reflections", 

M.S.  Thesis,  1975. 

(d)  Thallium  in  Silicon,  see  J.  H.  Nevin  dissertation 
in  1(d)  above. 

(e)  Narayan  L.  Vanvari,  "Czochralski  Growth  of  Compen¬ 
sated  Gold-Doped  Germanium  for  Double-Injection 
Switching  Diodes",  M.S.  Thesis,  1972. 

(f)  Sushil  K.  Kapoor,  "Annealing  of  Neutron  Irradiated 
Silicon  with  Implications  in  Device  Technology",  M.S. 
Thesis,  1969. 

4 .  MOS-Gated  Double-Injection 


(a)  Ramaswamy  Narasimhan,  "Terminal  Characterization 
and  Transient  Analysis  of  MOS-Gated  Double-Injection 
Devices",  M.  S.  Thesis,  1980. 

(b)  James  F.  Asbrock,  "Control  of  Breakdown  Voltages 
in  Double  Injection  Devices  Using  a  MOS  Gate",  M.S. 
Thesis,  1972. 

5 .  Bulk  Oscillations 

(a)  Bhaskar  L.  Mantha,  "Analysis  and  Modeling  of  Post- 
Breakdown  Low  Frequency  Bulk  Instabilities  in  Planar 
Gold-Doped  Silicon",  Ph.D.  Dissertation,  1979. 

(b)  Vivek  R.  Kulkarni,  "New  Planar  Device  Development 
Based  Upon  Bulk  Space-Charge  Interactions  in  Zinc- 
Doped  Silicon",  M.S.  Thesis,  1977. 

(c)  Harish  H.  Hoshi,  "Two  and  Three-Terminal  Switching 
Characteristics  of  Zinc-Doped  Silicon",  M.S.  Thesis, 
1977. 


82 


I 


6 .  Injection-Gated  Double-Injection  Devices 

(a)  Ashok  K.  Kapoor,  "Injection  Gating  of  Planar 
Double-Injection  Devices,  Based  Upon  Charge  Trapping 
in  Gold  Doped  Silicon",  M.S.  Thesis,  1979. 

(b)  Harish  J.  Joshi.  (See  Item  5(c)  above.) 

7 .  Light-Gating  of  Double-Injection  Devices 

(a)  Vivek  R.  Kulkarni.  (See  Item  5(b)  above.) 

8 .  Single  Injection  TFL  Behavior 

(a)  Harish  J. Joshi.  (See  Item  5(c)  above.) 

(b)  Michale  K.  L.  Shen,  "Surface  Band-Bending  Impli¬ 
cations  for  Charge  Injection  into  Neutron-Irradiated 
Silicon",  M.S.  Thesis,  1972. 

9 .  Time  Delay 

Virtually  all  recent  theses  and  dissertations  deal 
with  voltage-controlled  switching  delay,  particularly 
that  of  R.  Narasimhan  (Item  4(a)  above). 

10.  Transducers 

(a)  Richard  L.  Stanton,  "Development  of  a  High-Sen¬ 
sitivity  Gas  Flow  Transducer  Based  Upon  Gold  Doped 
Silicon",  M.S.  Thesis,  1979. 

(b)  Jason  Wang,  "Microelectronic  Deep  Impurity  Gas 
Flow  Transducer  Fabricated  by  V-Groove  Techniques", 
(tentative  title  of  M.S.  Thesis  to  be  completed 
about  December,  1980) . 

Milder,  F.  L. ,  "Applications  of  Materials  Surface  Modifi¬ 
cation  to  Prime  Power  Systems" 

1.  R.  E.  Benenson,  E.  N.  Kaufmann,  G.  L.  Miller,  and 
W.  W.  Scholz  (eds.),  Proc.  Second  Int.  Conf.  on  Ion 
Beam  Modification  of  Materials,  Albany,  NY,  1980 . 

C.  Weissmantel,  et  al.,  "Preparation  of  Hard  Coatings 
by  Ion  Beam  Methods",  Thin  Solid  Films,  63,  1979, 

315. 

W.  Fleischer,  et  al . ,  "Reactive  Ion  Plating (RIP)  with 
Auxiliary  Discharge  and  the  Influence  of  the 


3. 


Deposition  Condition  on  the  Formation  and  Properties 
of  TiN  Films",  Thin  Solid  Films,  63 ,  1979,  347 

4.  T.  Spalvins,  "Coatings  for  Wear  and  Lubrication",  NASA 
TM- 78841,  1978. 

5.  S.  J.  Solomon,  "Silicon  from  Silane  Through  Plasma 
Deposition",  15th  IEEE  Photovoltaic  Specialists  Conf . , 
Orlando,  FL,  1981  (Spire  Report  TR81-11B) . 

Milder,  F.  L. ,  "In  Situ  Monitoring  of  Critical  System 

Component  Erosion  by  Nuclear  Activation  Techniques" 

Banks,  B.  A.,  "Growth  of  Diamond-like  Films  for  Power 

Application" 

1.  Banks,  B.  A.,  "Ion  Beam  Applications  Research — a  1981 
Summary  of  Lewis  Research  Center  Programs",  NASA  TM 
81721,  1981. 

2.  Angus,  J.  C.,  Mirtich,  M.  J.  and  Wintucky,  E.  G. , 

"Ion  Beam  Deposition  of  Amorphous  Carbon  Films  with 
Diamond  Like  Properties",  Materials  Research  Society 
Conference,  November  1981,  Boston,  MA. 

3.  Angus,  J.  C.,  "Characterization  of  Diamond  Like  Films" 
NASA  Contract  Report  NASA  CR  165493,  December  22,  1981 

Rice,  R.  W. ,  "Ceramics  for  High  Power  Sources  in  Space" 

1.  R.  W.  Rice,  "Ceramic  Composites-Processing  Challenges" 
Cer.  Eng.  and  Sci.  Proc.  2  (7-8)  493-508,  July/Aug 
1981. 

2.  R.  W.  Rice,  "Mechanisms  of  Toughening  in  Ceramic 
Matrix  Composites",  Ibid,  pp.  661-701. 

3.  R.  W.  Rice,  et  al.,  "Refractory  Ceramic  Fiber  Com¬ 
posites,  Progress,  Needs,  and  Opportunities" ,  to  be 
published  in  Cer.  Eng.  and  Sci.  Proc. 

4.  R.  W.  Rice  and  K.  J.  Wynne,  "Ceramics  Made  by  Polymer 
Pyrolysis",  to  be  published  in  Annual  Rev.  of  Mat. 

Sci.  Vol .  12. 

5.  Karl  M.  Prewo,  John  J.  Brennan,  "High-Strength  Silicon 
Carbide  Fibre-Reinforced  Glass-Matrix  Composites",  J. 
Mat.  Sci.,  15,  1980,  463-468. 


6.  R.A.J.  Sambell,  et  al.,  "Carbon  Fibre  Composites  with 
Ceramic  and  Glass  Matrices",  J.  Mat.  Sci.,  7,  1972, 
676-681. 

Blankenship,  C.  P.,  and  Tenney,  D.  R. ,  "Materials  Technology 
for  Large  Space  Structures" 

1.  Large  Space  Systems  Technology  -  1980,  Vols.  I  and  II, 
NASA  CP-2168,  1980. 

2.  Large  Space  Structures  Technology  -  1981,  Vols.  I 
and  II,  NASA  CP-2215,  1981. 

3.  Bush,  H.  G.  and  Heard,  W.  L.,  Recent  Advances  in 
Structural  Technology  for  Large  Deployable  and  Erect- 
able  Spacecraft,  NASA  TM-81905,  Oct.  1980. 

4.  Wright,  R.  L.  (ed.).  The  Microwave  Radiometer  Space¬ 
craft  -  A  Design  Study.  NASA  RP  1079,  December  1981. 

5.  Russell,  R.  A.,  Campbell,  T.  G. ,  and  Freeland,  R.E., 

A  Technology  Development  Program  for  Large  Space 
Antennas.,  NASA  TM-81902,  1980. 

6.  St.  Clair,  A.  K.  and  St.  Clair,  T.  L.,  A  Review  of 
High  Temperature  Adhesives,  NASA  TMX  83141,  July  1981. 

7.  St.  Clair,  A.  K.  and  St.  Clair,  T.  L.,  A  Multi-Purpose 
Thermoplastic  Polyimide,  Proceedings  of  the  26th 
National  SAMPE  Symposium,  April  1981. 

8.  Rubin,  L.  A.,  Applications  of  Metal-Matrix  Composites, 
The  Emerging  Structural  Materials,  SAMPE  Journal, 

J  uly/Augus t  1979. 

9.  Kwan,  J.  W.  and  Chow,  D.  T.,  Thermal  Control  Film 
Bonding  for  Space  Applications.  Proceedings  of  the 
25th  National  SAMPE  Symposium,  May  1980. 

10.  Campbell,  W.  A.,  Jr.,  Marriott,  R.  S.,  and  Park,  J.  J., 
Ougassing  Data  for  Spacecraft  Materials,  NASA  RP  1061, 
Aug.  1980. 

11.  Santos,  B.  and  Sykes,  G.  F.,  Radiation  Effects  on 
Four  Polysulfone  Films,  Proceedings  of  the  Littv 
National  SAMPE  Technical  Conference,  October  1981. 

12.  Schwinghamaer,  R.  J.,  Space  Environmental  Effects  on 
Materials,  NASA  TM  78306,  August  1980. 


VIII. 


13.  Tennyson,  R.  C.,  Composite  Materials  in  a  Simulated 
Space  Environment.  Structures,  Structural  Dynamics, 
and  Materials  Conference,  Seattle,  WA,  May  12-14, 

1980,  Technical  Papers,  Part  2,  AIAA,  1980.,  pp. 
1009-1018. 

14.  Shepic,  J.  A.,  Evaluation  and  Prediction  of  Long  Term 
Space  Environmental  Effects  on  Nonmetallic  Materials, 
NASA  CR-1615 85 ,  October,  1980. 

Gilardi,  R. ,  "Structural  Characterization  of  Materials  for 
High  Energy  Space  Systems" 

1.  Structural  Ordering  in  Amorphous  TbFe2  and  YFe2, 

P.  D'Antonio  and  J.  H.  Konnert,  Acta  Cryst.,  1982,  (to 
be  published)  . 

2.  Diffraction  Evidence  for  Distorted  Graphite-Like 
Layers  in  an  Activated  Carbon  of  Very  Large  Surface 
Area,  J.  H.  Konnert  and  P.  D'Antonio,  Carbon,  (to  be 
published) . 

3.  Comparison  of  Radial  Distribution  Function  for  Silica 
Glass  with  those  for  Various  Bonding  Topologies: 

Use  of  Correlation  Function,  J.  H.  Konnert,  P. 

D'Antonio  and  J.  Karle,  J.  Non-Cryst.  Solids, (to  be 
published) . 

4.  Small  Angle  Scattering  Study  of  Solar  Cell  Device 
Materials  prepared  at  Substrate  Temperatures  of 
130°  C  and  250°  C,  P.  D'Antonio  and  J.  H.  Konnert, 

AIP  Conf.  Proceedings  No.  73,  pp.  117-119,  1981. 

5.  Powder  Neutron  Diffraction  Study  of  Chemically  Pre¬ 
pared  8-lead  Dioxide,  P.  D'Antonio  and  A.  Santoro, 

Acta  Cryst.,  1980,  B36 ,  2394. 

6.  New  Energetic  Materials:  Structural  Characterization, 
R.  Gilardi,  C.  F.  George  and  J.  Karle,  NRL  Report  LSM 
81-1,  1981. 

CHEMICAL  PHYSICS 

Rabitz,  H. ,  "Recent  Advances  in  Molecular  Dynamics" 

1.  R.  B.  Bernstein,  (ed.),  Atom-Molecule  Collision 

Theory:  A  Guide  for  the  Experimentalist,  Plenum  Press, 

New  York,  1979. 


86 


2.  J.  Nicholas,  Chemical  Kinetics:  Modern  Survey  of  Gas 
Reactions ,  John  Wiley  and  Sons,  New  York,  1976. 

3.  W.  H.  Miller,  (ed.).  Dynamics  of  Molecular  Collisions, 
Plenum  Press,  New  York*)  1976 .  This  volume  contains 
review  articles  on  both  quantum  and  classical  colli¬ 
sion  dynamics. 

4.  R.  G.  Breene,  Theories  of  Spectral  Line  Shapes,  John 
Wiley  and  Sons,  New  York,  1981. 

5.  A.  DePristo,  et  al.,  "Quantum  Number  and  Energy  Scal¬ 
ing  for  Non-Reactive  Collisions",  J.  Chem.  Phys.  70 , 
850,  1979. 

6.  H.  Rabitz,  "Chemical  Sensitivity  Analysis  Theory  of 
Applications  to  Molecular  Dynamics  and  Kinetics", 
Computers  and  Chemistry,  5_,  167,  1981. 

Rosenblatt,  G.  M. ,  "Chemical  Physics  of  Vaporization,  Con¬ 
densation  and  Gas-Surface  Energy  Exchange" 

1.  G.  M.  Rosenblatt,  "Evaporation  from  Solids",  Treatise 
on  Solid  State  Chemistry,  Vol.  6A,  Surfaces  I,  edited 
by  N.  B.  Hannay,  Plenum  Press,  NY,  1976,  pp.  165-240. 

2.  G.  M.  Rosenblatt,  "Vaporization  Rates,  Surface 

Topography,  and  Vaporization  Mechanisms  of  Single 
Crystals:  A  Case  Study",  Accounts  Chem.  Res.  9, 

169,  1976. 

3.  G.  M.  Rosenblatt,  "The  Role  of  Defects  in  Vaporiza¬ 
tion:  Arsenic  &  Antimony",  Surface  and  Defect  Proper¬ 

ties  of  Solids,  Vol.  V,  edited  by  M.  W.  Roberts  and 

J.  M.  Thomas,  Specialist  Periodical  Reports,  The 
Chemical  Society,  London,  1976,  pp*  36-64. 

4.  G.  M.  Rosenblatt,  "Translational  and  Internal  Energy 
Accommodation  of  Molecular  Gases  with  Solid  Surfaces", 
Accounts  Chem.  Res.  14_,  42,  1981. 

Donovan,  T. /Guenther,  A.,  "Thin  Films" 

IX.  THERMIONICS 

Yang,  L.  and  Fitzpatrick,  G.,  "Thermionic  Conversion  for 
Space  Power  Application" 


87 


1. 


"Material  Development  for  Thermionic  Fuel-Cladding 
Systems",  L.  Yang,  et  al..  Proceedings  of  the  Third 
International  Conference  on  Thermionic  Electrical 
Power  Generation,  p.  873-893,  Julich,  Federal  Repub¬ 
lic  of  Germany,  June  5-9,  1972. 

2.  "Development  Status  of  Thermionic  Materials",  L.  Yang 
and  J.  Chin,  Proceedings  of  the  Seventh  Intersociety 
Energy  Conversion  Engineering  Conference,  p.  1041- 
1049,  San  Diego,  CA,  1972. 

3.  "Thermionic  Fuel  Element  Testing  at  General  Atomic", 

M.  K.  Yates,  G.  0.  Fitzpatrick,  and  D.  E.  Schwarzer, 
Proceedings  of  the  Third  International  Conference  on 
Thermi >nic  Electric  Power  Generation,  p.  479-489, 
Julich,  Federal  Republic  of  Germany,  June  5-9,  1972. 

4.  "Multicell  Thermionic  Fuel  Element  Fabrication  Tech¬ 
nology",  M.  H.  Horner,  J.  C.  Grebetz,  and  J.  Kay,  Jr., 
Proceedings  of  the  Third  International  Conference  on 
Thermionic  Electrical  Power  Generation,  p.  491-500, 
Julich,  Federal  Republic  of  Germany,  June  5-9,  1972. 

5.  "Development  of  a  Thermionic  Reactor  Space  Power 
System,  Final  Summary  Report",  Contract  AT (04-3) -840, 
Gulf-GA-Ai2608 ,  June  30,  1973. 

6.  "Experimental  and  Analytical  Study  of  Advanced  Mode 
Thermionic  Converter",  G.  L.  Hatch,  et  al.,  NASA-CR- 
159638,  June  1979. 

7.  "Advanced  Thermionic  Conversion,  Joint  Highlights  and 
Status  Report",  Rasor  Associates,  COO-2263-16,  July- 
Sep tembe  r  1979. 

8.  "Investigation  of  Cesium  Diode  with  2rC  Cathode", 

T.  L.  P*atskevich  and  T.  V.  Krachino,  Ioffe  Physical 
Techni-al  Institute  Conference  on  Phenomena  in  Ionized 
Gases,  Bucharest,  Romania,  1969. 

9.  "Increase  in  Specific  Power  of  a  Thermionic  Converter 
in  Region  with  Surface  Ionization  by  Use  of  a  Devel¬ 
oped  Cathode",  V.  I.  Babanin,  et  al..  Proceedings  of 
the  Thermionic  Conversion  Specialist  Conference, 
Eindhoven,  Netherlands,  September  1975. 

10.  "Thermionic  Converters  and  Low  Temperature  Plasma", 

F.  G.  Bakshit,  et  al.,  USSR  Academy  of  Science,  Eng¬ 
lish  Edition  by  L-  Hansen:  DOE-TR-1.  1978. 


88 


11. 


"Thermionic  Energy  Conversion" ,  G.  N.  Hatsopoulos  and 
E.  P.  Gyftopoulos,  MIT  Press,  1973. 


Huffman,  F.  ,  Lieb,  D.,  Reagan,  P.  and  Miskolczy,  G., 
"Thermionic  Technology  for  Spacecraft  Power:  Progress 
and  Problems" 

Lawless,  J.  L.,  "A  Survey  of  Recent  Advances  in  and  Future 
Prospects  for  Thermionic  Energy  Conversion" 

Merrill,  0.  S.,  "Fundamental  Research  Areas  on  DoE's 
Thermionic  Program" 

X.  HEAT/SYSTEMS 

Haslett,  R. ,  "Thermal  Management  of  Large  Pulsed  Power 
Systems " 

1.  Cohen,  M.  ,  Fomoles,  E.  and  Mahefkey,  T.,  "Require¬ 
ments  and  Technology  Trends  for  Future  Military  Space 
Power  Systems",  presented  at  the  1981  Intersociety 
Energy  Conversion  Engineering  Conference,  Atlanta,  GA, 
August  9-14,  1981. 

2.  Alario,  J.,  Edelstein,  F.  and  Haslett,  R. ,  "Radiator 
Concepts  for  Future  Space  Systems",  presented  at  the 
AIAA  Conference  on  Large  Space  Platforms:  Future 
Needs  and  Capabilities  (AIAA  Paper  78-1677) ,  Los 
Angeles,  CA,  27-29  September  1978. 

3.  Alario,  J.,  and  Haslett,  R.,  "Modular  Heat  Pipe  Radia¬ 
tors  for  Enhanced  Shuttle  Mission  Capabilities",  pre¬ 
sented  at  the  Ninth  Intersociety  Conference  on 
Environmental  Systems,  San  Francisco,  CA,  July  16-19, 
197?  (ASME  Paper  No.  79-ENAS-17) . 

4.  Edelstein,  F.,  "Transverse  Flat  Plate  Heat  Pipe 
Experiment",  presented  at  the  Third  International 
Heat  Pipe  Conference  (Paper  No.  78-429),  Palo  Alto,  CA, 
22-24  May  1978. 

5.  Edelstein,  F.f  "A  2.2  Sq.  M.  (24  Sq .  Ft.)  Self- 
Controlled  Deployable  Heat  Pipe  Radiator  -  Design 
and  Test",  ASME  Paper  No.  75-ENAS-43,  presented  at 
the  Intersociety  Conference  on  Environmental  Systems, 
San  Francisco,  CA,  21-24  July  1975. 

6.  Edelstein,  F.  and  Flieger,  H.,  "Satellite  Battery 
Temperature  Control",  presented  at  the  Third  Inter¬ 
national  Heat  Pipe  Conference  (Paper  No.  78-448), 

Palo  Alto,  CA,  22-24  May  1978. 


89 


7.  Harwell,  W.,  Haslett,  R. ,  and  Ollendorf,  S.,  "Instru¬ 
ment  Canister  Thermal  Control",  AIAA  Paper  77-761, 
presented  at  the  AIAA  12th  Thermophysics  Conference, 
Albuquerque,  NM,  27-29  June  1977. 

8.  Harwell,  W.  and  Ollendorf,  S.,  "The  Heat  Pipe  Thermal 
Caniste  ' ,  presented  at  the  15th  Thermophysics  Con¬ 
ference,  July  14-16,  1980,  Snowmass,  CO,  AIAA  80-1461. 

9.  Harwell,  W. ,  Haslett,  R.,  and  Ollendorf,  S.,  "Thermal 
Canisters  for  the  Instrument  Pointing  System( IPS) " , 
presented  at  the  IV  International  Heat  Pipe  Conference, 
September  7-9,  1931,  London,  England. 

10.  Alario,  J.  and  Haslett,  R.  ,  "Active  Heat  Exchange  - 
System  Development  for  Latent  Heat  Thermal  Energy 
Storage",  presented  at  the  DOE  Thermal  and  Chemical 
Storage  Annual  Contractor's  Review  Meeting,  McLean, VA, 
14-16  October  1980. 

11.  Alario,  J.,  Haslett,  R. ,  and  Kosson,  R. ,  "The  Mono¬ 
groove  High  Performance  Heat  Pipe",  presented  at  the 
AIAA  16th  Thermophysics  Conference,  June  23-25,1981, 
Palo  Alto,  CA (AIAA  81-1156)  . 

Mattick,  A.  T.,  Hertzberg,  A.  and  Taussig,  R. ,  "The  Liquid 

Droplet  Radiator" 

Bruckner,  A.  P.,  "The  Liquid  Droplet  Heat  Exchanger" 

1.  D.  J.  Shaw,  A.  P.  Bruckner  and  A.  Hertzberg,  "A  New 
Method  of  Efficient  Heat  Transfer  and  Storage  at  Very 
High  Temperatures",  Proc.  15th  Intersociety  Energy 
Conversion  Engineering  Conference,  1980,  pp.  125-132. 

2.  A.  P.  Bruckner  and  A.  Hertzberg,  "A  New  Method  for 
High  Temperature  Solar  Thermal  Energy  Conversion  and 
Storage",  Proc.  Solar  Thermal  Test  Facilities  Users 
Association  Annual  Meeting,  1981,  pp.  186-198. 

3.  A.  T.  Mattick  and  A.  Hertzberg,  "Liquid  Droplet  Radia¬ 
tors  for  Heat  Rejection  in  Space",  J.  Energy  5,  387, 
1981. 

4.  J.  N.  Anno,  The  Mechanics  of  Liquid  Jets,  D.  C.  Heath 
&  Co.,  Lexington,  MA,  19*77 . 

5.  G.  Rudinger,  "Relaxation  in  Gas-Particle  Flow",  in 
Nonequilibrium  Flows,  Part  I,  P.  P.  Wegener  (ed.)  , 
Marcel  Dekker,  New  York,  1969,  pp.  119-161. 


90 


6. 


I 


I 

I 

I 

I 

I 

I 


D.  Buden,  el  al.,  "Selection  of  Power  Plant  Elements 
for  Future  Reactor  Space  Electric  Power  Systems",  Los 
Alamos  Scientific  Laboratory  Report  No.  LA-7858,  1979 


7.  K.  Rietma  and  C.  G.  Verver,  Cyclones  in  Industry, 
Elsevier  Publishing  Co.,  Amsterdam,  1961. 


Ernst,  D.  M.  and  Eastman,  G.  Y.,  "The  Need  for  Improved 
Heat  Pipe  Fluids" 


1 .  Advances  in  Space  Power  Research  and  Technology  at 
the  National  Aeronautics  and  Space  Administration, 

J.  P.  Mull in,  L.  P.  Randolph,  W.  R.  Hudson  and  J.  H. 
Ambrus,  NASA  Headquarters,  Paper  No.  819180,  16th 
Annual  IECEC,  Atlanta,  GA,  August,  1981. 

2.  "Articulated  Heat  Pipe  Feasibility  Demonstration", 
AFWAL/WPAFB  Contract  No.  F33615-81-C-3413 ,  Thermacore 
Inc.,  Lancaster,  PA 

3 .  Experimental  Results  for  Space  Nuclear  Power  Plant 
Design,  W.  A.  Ranken,  LANL,  Paper  No.  809142,  15th 
Annual  IECEC,  Seattle,  WA,  August,  1980. 

4.  Future  Space  Power  -  The  POD  Perspective,  Dr.  Tom 
Mahefkey ,  AFWAL ,  Paper  No.  809016,  15th  Annual  IECEC, 
Seattle,  WA,  August,  1980. 

5.  "Space  Constructable  Long  Life  Radiator-Prototype 
Development",  NASA  Johnson  Space  Center  Contract  No. 
NAS-9-15965,  Grumman  Aerospace  Corporation,  Bethpage, 
L.I. ,  N.Y. 

6.  "Systems  Evaluation  of  Thermal  Bus  Concepts",  NASA 
Johnson  Space  Center  Contract  No.  NAS-9-16321,  Vought 
Corporation,  Dallas,  TX 

Ernst,  D.  M.  and  Eastman,  G.  Y.,  "Enhanced  Heat  Pipe 

Theory  and  Operation" 

Fowle,  A.  A.,  "Two-Phase  Heat  Transport  for  Thermal  Control 


1.  Anderson  ,  S.  W. ,  Rich,  D.  C.,  and  Geary,  D.  F. , 
"Evaporation  of  Refrigerant  22  in  a  Horizontal  3/4  in 
o.d.  Tube",  ASHRAE  J,  Vol.  6,  September  1964,  pp. 
58-65,  and  Vol.  6,  October  1964,  pp.  73-77. 

2.  Baker,  0.,  "Simultaneous  Flow  of  Oil  and  Gas",  Oil 
Gas  J.,  53,  185  July  26,  1954. 


91 


i 


3.  Chawla,  J.  M.  ,  "Local  Heat  Transfer  and  Pressure  Drop 
for  Refrigerants  Evaporating  in  Horizontal  Tubes", 
(translated  from  German)  Kaltetecknik-Klimatisierung, 
19.  Jahrgang-Heft  3,  1967. 

4.  Chisholm,  D.,  "Pressure  Gradients  Due  to  Friction  Dur¬ 
ing  the  Flow  of  Evaporating  Two-Phase  Mixtures  in 
Smooth  Tubes  and  Channels",  Int.  J.  Heat  Mass  Trans¬ 
fer,  vol.  16,  1973,  pp.  347-358. 

5.  Feldmanis,  C.  J.,  "Performance  of  Boiling  and  Condens¬ 
ing  Equipment  Under  Simulated  Outer  Space  Conditions", 
ASD-TR-6 3-862 ,  November  1963. 

6.  Fowle,  A.  A.,  "A  Pumped,  Two-Phase  Flow  Heat  Transfer 
System  for  Orbiting  Instrument  Payloads",  AIAA  16th 
Thermophysics  Conference,  June  1981. 

7.  Furse,  F.  G. ,  "Heat  Transfer  to  Refrigerants  11  and 
12  Boiling  Over  a  Horizontal  Copper  Surface",  paper 
presented  to  ASHRAE,  January  1965. 

8.  Homman,  G.  H. ,  "Boiling  Heat  Transfer  from  Freons  on 
Horizontal  Smooth  and  Firmed  Tubes",  Heat  Transfer- 
Soviet  Research,  Vol.  4,  No.  3,  May-June  1972. 

9.  Gouse,  S.  W. ,  Jr.,  and  Dickson,  A.  J. ,  "Heat  Transfer 
and  Fluid  Flow  Inside  a  Horizontal  Tube  Evaporator" , 
paper  presented  to  ASHRAE,  January  1966. 

10.  Kamotani,  Yasuhiro,  "Evaporator  Film  Coefficients  of 
Grooved  Heat  Pipes",  Americ  Institute  of  Aero¬ 
nautics  and  Astronautics,  1j / 8 . 

11.  Keshock,  E.  G.  and  Sadeghipour,  M.  S.,  "Analytical 
Comparison  of  Condensing  Flows  Inside  Tubes  Under 
Earth-Gravity  and  Space  Environments",  Paper  IAF-81- 
130,  32nd  International  Aeronautical  Congress,  Rome, 
Italy,  September  1981. 

12.  Kubanek,  G.  R.  and  Miletti,  D.  L. ,  "Evaporative  Heat 
Transfer  and  Pressure  Drop  Performance  of  Internally- 
Finned  Tubes  with  Refrigerant  22",  ASME  Paper  No.  77- 
WA/HT-25 ,  December  1977. 

13.  Lockhart,  R.  W.  and  Martinelli,  R.  C.,  "Proposed 
Correlation  of  Data  for  Isothermal  Two-Phase,  Two- 
Component  Flow  in  Pipes",  Chem.  Eng.  Prog.,  Vol  45, 

No.  1,  1949,  pp.  39-48. 


92 


14.  Luu,  Minh  and  Bergles,  A.  E.,  "Experimental  Study  of 
the  Augmentation  of  In-tube  Condensation  of  R-133", 
prepared  for  ASHRAE  Transactions,  May  1979. 

15.  Marner,  W.  J.  and  Bergles,  A.  E. ,  "Augmentation  of 
Tubeside  Laminar  Flow  Heat  Transfer  by  Means  of 
Twisted-Tape  Inserts,  Static-Mixer  Inserts,  and  Inter¬ 
nally  Finned  Tubes",  International  Heat  Transfer 
Conference,  August  1978. 

16.  Palen,  J.  W.,  Breber,  G.,  and  Taborek,  J. ,  "Predic¬ 
tion  of  Flow  Regimes  in  Horizontal  Tube-Side  Conden¬ 
sation",  Heat  Transfer  Engineering,  Vol  1,  No.  2, 
October-December  1979,  pp.  47-57. 

17.  Pierre,  B.  ,  Kylteknisk  Tidskrift,  No.  3,  May  1957, 
p.  129,  "Flow  Resistance  with  Boiling  Refrigerants", 
ASHRAE  J.,  Vol.  6,  September  1964,  pp.  58-64,  Vol  6, 
October  1964,  pp.  73-77. 

18.  Robertson,  J.  M.  and  Lovegrove,  P.  C.,  "Boiling  Heat 
Transfer  with  Freon  11  in  Brazed-Aluminum  Plate-Fin 
Heat  Exchangers",  ASME  Paper  no.  80-HT-58,  July  1980. 

19.  Rohsenow,  W.  M. ,  Ed.,  Developments  in  Heat  Transfer, 
the  M.I.T.  Press,  1969. 

20.  Siegel,  R.  and  Usiskin,  C.,  "Photographic  Study  of 
Boiling  in  the  Absence  of  Gravity",  Trans.  ASME,  J. 
Heat  Trans.,  Vol.  81,  No.  3,  August  1959. 

21.  Suo,  M.  and  Griffith,  P.,  "Two-Phase  Flow  in  Capil¬ 
lary  Tubes",  Transactions  ASME,  September  1964. 

22.  Suo,  M. ,  "Two-Phase  Flow  in  Capillary  Tubes",  S  &  D 
Thesis,  Mechanical  Engineering  Department,  Massachu¬ 
setts  Institute  of  Technology,  March  1963. 

Teagan,  W.  P.,  "Liquid  Ribbon  Radiator  for  Lightweight  Space 
Radiator  Systems" 

Berry,  G. ,  "Software  for  Comparison  and  Optimization  of 
Power  Systems" 

1.  Dennis,  C. ,  and  Berry,  G.,  "User's  Guide  for  the 
GSMP/OCMHD  System  Code",  ANL/MHD-80-7 ,  1980. 

2.  Cook,  J.,  "User's  Guide  for  GSMP ,  A  General  System 
Modeling  Program",  ANL/MHD-79-11 ,  1979. 


93 


A0-A119  243 


UNCLASSIFIED 

2  oh  2 


R  AND  D  ASSOCIATES  ARLINGTON  VA  F/G  10/2 

RESEARCH  NEEDS:  PRIME-POWER  FOR  HIGH  ENERGY  SPACE  SYSTEMS. (U) 

JUN  62  P  J  TURCHl •  F49620-82-C-0008 

AFOSR-TR-82-0717  NL 

END  I 


Berry,  G. ,  and  Cook,  J.,  "Application  of  a  General 
System  Modeling  Program",  Advances  in  Computer  Tech¬ 
nology,  Emerging  Technology  Conference,  1980. 

Berry,  G.,  and  Cook,  J.,  "Application  of  Polyalgo- 
rithmic  Optimization  to  MHD  Power  Plant  Design", 
International  Energy  Symposia,  SFE-81-85,  1981. 

Berry,  G.,  and  Dennis,  C.,  "Performance  Analysis  of 
the  MHD  Steam  Combined  Cycle,  Including  the  Influence 
of  Cost",  ANL/MHD-80-3,  1980. 

Berry,  G.,  and  Dennis,  C.,  "Performance  Analysis  of 
the  MHD  Steam  Combined  Cycle,  Including  the  Influence 
of  Cost",  Proc.  Symposium  on  Instrumentaion  and  Con¬ 
trol  for  Fossil  Energy  Processes,  A059,  1981. 

Powell,  M.J.D.,  "A  Hybrid  Method  for  Nonlinear  Equa¬ 
tions",  in  Numerical  Methods  for  Nonlinear  Algebraic 
Equations ,  Gordon  and  Breach  Science  Publishers,  1970. 

Powell,  M.J.D.,  "A  Fortran  Subroutine  for  Solving 
Systems  of  Nonlinear  Equations",  ibid. 

Geyer,  H.,  "GPSAP/V2  with  Applications  to  Open-Cycle 
MHD  Systems",  ANL/MHD-80-15 ,  1980. 

Geyer,  H.,  "A  Simple  Code  for  Chemical  Equilibrium 
and  Thermodynamic  Properties  for  Use  with  GPSAP”, 
ANL/MHD-81-11,  1981. 

Doe ,  N . ,  Graph  Theory  with  Applications  to  Engineer¬ 
ing  and  Computer  Science,  Prentice-Hall  Inc.,  19?4. 

Himmelblau,  D.  (ed.).  Decomposition  of  Large-Scale 
Problems ,  North-Holland  Publishing  Co.,  1973. 

Powell,  M.J.D.,  "The  Convergence  of  Variable  Metric 
Methods  for  Nonlinearly  Constrained  Optimization 
Calculations",  ANL/AMD-TM-315 ,  1977. 

Technical  Assessment  Guide,  EPRI-PS-1201  SR,  July  1979 


Powell,  M.J.D.,  "A  Fast  Algorithm  for  Nonlinearly 
Constrained  Optimization  Calculations",  presented  at 
the  1977  Dundee  Conference  on  Numerical  Analysis. 


Thornton,  E.  A.,  "Uncertainties  in  Thermal-Structural 
Analysis  of  Large  Space  Structures" 

1.  Technology  for  Large  Space  Systems,  a  Special  Bibli¬ 
ography,  NASA  SP-7046,  Supplements  01-05,  July  1979- 
January  1981. 

2.  Card,  M.  F. ,  Bush,  H.  G. ,  Heard,  W.  L.,  Jr.,  and 
Mikulus,  M.  M. ,  Jr.,  "Efficient  Concepts  for  Large 
Erectable  Space  Structures",  Large  Space  Systems 
Technology,  An  Industry/Government  Seminar  held  at 
NASA  Langley  Research  Center,  Hampton,  VA,  January 
17-19,  1978.  NASA  CP  2035,  pp.  627-656. 

3.  Chambers,  B.  C.,  Jensen,  C.  L.  and  Coyner,  J.  V. , 

"An  Accurate  and  Efficient  Method  for  Thermal-Thermo¬ 
elastic  Performance  Analysis  of  Large  Space  Structures' 
AIAA  16th  Thermophysics  Conference,  June  23-25,  1982, 
Palo  Alto,  CA,  AIAA  Paper  No.  81-1178. 

4.  Mahaney,  J.,  Thornton,  E.  A.  and  Dechaumphai,  P., 
"Integrated  Thermal-Structural  Analysis  of  Large 
Space  Structures",  Symposium  on  Computational  Aspects 
of  Heat  Transfer  in  Structures  held  at  NASA  Langley 
Research  Center,  November  3-6,  1981,  NASA  CP  to  be 
published. 

5.  Thornton,  E.  A.,  Mahaney,  J.  and  Dechaumphai,  P., 
"Finite  Element  Modeling  of  Orbiting  Truss  Structures", 
Large  Space  Systems  Technology,  1981.  Third  Annual 
Technical  Review,  NASA  Langley  Research  Center, 
November  16-19,  1981,  NASA  CP  to  be  published. 

6.  O'Neill,  R.  F.  and  Zich,  J.  L,  "Space  Structure  Heat¬ 
ing  (SSQ) ,  A  Numerical  Procedure  for  Analysis  of 
Shadowed  Space  Heating  of  Sparse  Structures",  AIAA 
16th  Thermophysics  Conference,  June  23-25,  1981,  Palo 
Alto,  CA,  AIAA  Paper  No.  -81-1179. 

7.  Short,  J.  S.,  et  al.,  "Thermal  Expansion  of  Gr/Ep 
Between  116K  and  366K",  Large  Space  Systems  Tech¬ 
nology,  1981,  Third  Annual  Technical  Review,  NASA 
Langley  Research  Center,  November  16-19,  1981,  NASA 
CP  to  be  published. 

8.  Belvin,  W.  K.,  "Vibration  and  Buckling  Studies  of 
Pretensioned  Structures",  Large  Space  Systems  Tech¬ 
nology,  1981,  Third  Annual  Technical  Review,  NASA 
Langley  Research  Center,  November  16-19,  1981,  NASA 
CP  to  be  published. 


95 


XI .  SUMMARY 


Barthelemy,  R. 

Vondra,  R. ,  "Power  and  Electric  Propulsion" 

Angelo,  J. 

Layton,  J.  P.,  "Power  Conversion:  Overview" 

1.  Space  Power  Systems  in  Preliminary  System  and  Mission 
Analysis,  NASA  Ames  Research  Center,  Circa  1968. 

2.  Anon,  Brayton  Cycle  Power  Conversion  for  Space,  NASA 
Literature  Search  Number  11244,  March  16,  1970. 

3.  Crane,  G.  R. ,  et  al.,  DoD/AEC  Space  Power  Study, 

30  June  1974. 

4.  Layton,  J.  P.,  The  Evolution  of  Space  Power  Systems, 
Presentation  to  NASA  OSF  Advanced  Programs,  10  August 
1976. 

5.  Freitag,  R.  F.  and  Kisko,  W.  A.,  Evolution  of  Space 
Power  System,  XXIX  IAF  Congress,  Dubrovnik,  Yugoslavia, 
October  1978. 

6.  Barthelemy,  R.  R. ,  The  Military  Space  Power  Program, 
IECEC  Paper  799261. 

7.  Barthelemy,  R.  R.  and  Shelley,  V.  A.,  A  DoD  Space 
Energy  Module,  IECEC  Paper  799266. 

8.  Harper,  A.,  A  Study  of  Reactor  Brayton  Power  Systems 
for  Nuclear  Electric  Spacecraft,  AiResearch  Tech¬ 
nical  Report  31,  3321,  September  28,  1979. 

9.  Layton,  J.  P.,  Nuclear  Reactor  Closed  Brayton  Cycle 
Space  Power  Conversion  Systems,  IECEC  Paper  819161. 

10.  Cohen,  M. ,  Fomoles,  E.,  and  Mahefkey,  T.,  Require¬ 
ments  and  Technology  Trends  for  Future  Military 
Space  Power  Systems,  IECEC  Paper  819182. 

Sevems,  J. 

Guenther,  A. 

English,  R. 


96 


Junker,  B.  R. 


Badcock,  C.,  '‘Comments  on  the  'Special  Conference  on  Prime- 
Power  for  High-Energy  Space  Systems'  and  Specifically  on 
the  Heat/Systems  Session" 

Hyder,  A. 

Bryan,  H.  R. 


I 

I 

I 

I 


97 


